JOURNAL OF 


Insect Physiology 


EDITORS 
V. G. DETHIER 1 puHILADELPHIA H. E. HINTON prisro! M. LUSCHER BERN 


Editorial Advisory Board 


Justralia France 


D. F. WATERHOUSE R. CHAUVIN P. JOLY 


(C,erman\ 


H. AUTRUM vON FRISCH B. HASSENSTEIN 4. KUHN 


Holland Ital, Japan 
J. pe WILDI C. JUCCI L. PARDI S. FUKUDA 


Switzerland Umted Kingdom 


E. HADORN W. H. THORPE V. B. WIGGLESWORTH 


U.S.A. 
L. E. CHADWICK G. RICHARDS K. D. ROEDER C. M. WILLIAMS 


U.S.S.R. 
4. S. DANILYEVSKY 


PERGAMON PRESS .- LONDON NEW YORK PARIS’ LOS ANGELES 





Notes for Contributors 


I. GENERAI 


r« 


papers 


PERGAMON PRESS 








Contents of Volume 2 


CHINO, HARUO: (¢ 
Bombyx mori—l] 
VIELMETTER, W.: Ph 
Irgynnis paphia | 
CHEN, P.S.: Studies ot 
tree amino acids during larval and pupal develops 
BUCK, JOHN, and FRIEDMAN, STANLEY: Cy 
Ill. CO, capacity of the vod: carbor in 
ONS, DOREEN A.: The 


+} 


Bl | | k ( ly ind ( FIBB 


il 


| | 
puceniess yorker nonevpees ss ilera 


BOUDREAUX, H. BRUCI 


NOTICI 


WIGGLESWORTH 
BECK, STANLEY D., and HANEC, WILLIAM 
iour of the Europea n borer, Pyrausta 
KENNAUGH H 
tanning in tl 
COLHOUN 
nervou 
COLHOUN 
nervou 
CHEN, P. S 


; 


i¢ { 


rerences ll mino acids bp \ 
SHYAMALA, M nd BHAT, ] 

Bombyx mort | I. Nia 1 py 
WALTHER, JOST BERNHARD: Char 

retina ction potent il t the cockro 


Paper oO de publish lin future ssues 


DE THIER, V.G., and ARAB, Y. M.: Effect of temperat 
the blowfly 
BERGMANN, ERNST D., LEVINSON, ZWI H nd MECHOULAM, RAPHAEI 


lhe t itv of Veratrun na Solanum alkaloids to house rvag 


SALT, R. W.: Application of nucleation theory to the freezing of sup 


1 GOLDBERG, MARY: P 


ra) 





tropit al, terres- 


nd SAVALOV, P 


Opods 


iplisned 


croissance des llons (Grvllulus 


y 
colour pattern of Thaumalea 
l haumaleidae 


| ) 


ir insect 


j 


\ comparisor responses of compound eves and dorsal 


' Vi 
species 


THOMPSON, |. | 


Studies in diurnal rhythms—VIII. ‘The endogenous 


Gryllidae) 


Herztatigkeit bei der Larve 


(Orthoptera 


Be 


im ¢7r\ 


, meter 1 17k; campestri | 
H. VIANFRED: Neu ale einflussung der 


, 
onormo!l 


cd membrane in Schistocerca gregaria 


VSla 


ASI and ISHIKAWA, SHIGEO: Oxidative enzymes 


worn 


HIRO 
Bomby 


respor 


OSHIO; HORII 


\ 


] ] 
ne 1 ivut ft the silk 


YOOSIF M Beha » electrical stimulation of chemoreceptors 1n 


AIR, JACQUES | pea aphid, deyrthosiphon pisum 
Hom 
WW Contact 
to the 


ALLEN H., HUDSON, BRUCI 


f) 


Kweed Dug, (/nco} 


pte i 


Heteroptera, including chemoreception 


+ 


stviet tood 


Pteridines in 


ind CRAIG, RODERICK 


Identification and localization 


, / , , 1] 
c { asciatu All | 


Author Index 


H 117 313 
348 
G 

p 


~ 


pp. 108 ISHIKAWA 5S. p. 
Ito T. p. 313 

KENNAUGH J. H. p. 97 
LEVINSON Z. H. p. 162 
MALEK 5. R. A. p. 298 
MecHOULAM R, p. 162 


Mies P. W. p. 338 


COLHOUN | 
Craic R. p 
DETHIER \ 
EISNER |] 

ENGER P 

FRIEDMAN 5. ] 
GerscH M. p. 281 


\RAI 
Au 


BARTEI 


Pp 


BEAMENT 
BECK 5S 
BER« 


BHAT 
2 


~ 


61 


3OUDREA 
Buck J. p 

BUTLER C. G 
CHAUVIN R 

CHEN P 
CHINO H 
CLOUDSLEY- THOMPSON J 


38, 128 


T) 
r 


GIBBONS D. A. p 
p. 221 
H. p 


R5 


(SOLDBERG M 
HACKMAN R 
Hanec W. p. 
HINTON H 
Horie Y 
Hupson B 


Ruck P. pp. 189, 261 
SALT R. W. p. 17 

SAVALOV P. p. 
SHYAMALA M. 
VIELMETTER W., p. 1: 
WALTHER J. B. p. 142 

WIGGLEsworTH V., B. p. 


3. p. 13 


/ 





“ 





CARBOHYDRATE 


METABOLISM IN THE 


DIAPAUSE 


OF ‘THE SILKWORM, BOMBYX MORI 


CONVERSION OJ] 


Department of Biolog, 


Abstract 
n 1K W f 


IN the previous 


diapause and 
observed that wher 
cold or hydrochlori 
ts init 


reac he 5 1 


riyvcogen Co! 


o! diapause pel 
ment, becaus« 


whe nh ¢ mbrvog 


GLY(¢ OGEN 


INTO SORBITOI 
DURING DIAPAUSI 


HARUO CHINO 


INTRODUCTION 


ries (CHINO, 195 


AND 


kKGG 
[| 
GLYCEROL 





oO increase whatsoever of such 


rluconic acid ; some members 


litw ind iat glycoger 


iA 


imely sorbitol ind glycerol. 


MATERIALS AND METHODS 




















1S be vond 


} | 
sorbitol 


embrvogenesis 


{ 3) Othe 





over KOH and concentrated 


soived 1n a sme 


After the ethe1 
gravimetrically measured 


1 into fat, the increase of fat 


rf the carbohydrate 


n the fat content was observed 


lecreased steadily during this 


O ighout the entir« 


for more than half the 


facts may suggest that the substance 


he diapaust yeT1I0Od 1s 
l aps ! I 


of di ipause, oxygen 

xidatio at. As 

ing the period from 1 t 

ly oxidized to CO, and H,O, 
On the contrary, the 
ed to onlv 4000 


actual 
Ll per g of egg, 
to suppose that a conside rable 


vy transferred to some metabolic 


the determination of the 


aled that the quotient became 





CARBOHY 


significantly greater than unity (up to 1-8) as soon as the eggs entered diapause, 
indicating that some molecules other than oxygen are acting as hydrogen acceptors 
On the other hand, the RQ-value was found to be smaller than unity during the 
pre-diapause period (see Fig. 3) 


4 Effect i anaerovi 


lermination of diapause 


All of the experim ntal results obtained hith 
eggs glycogen is converted into sorbitol and glycerol when diapause s 
is resynthesized from these alcohols when diap: break It wou 
that the disappearance ot glycogen with the onset of diapause 
oxygen, whereas the recovery of glycogen should reg 


ments show tl this is the c: ‘““Diapause”’ eggs, at were exposed t 
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e chilled at 5°C after having been allo 
OviIposition On the fortieth day of chi ling they were 
treated with HCl to “‘break lapaust completely hen the eggs were incubated 
at 25°C and exposed to N, gas « he first and second day of incubation. Th 
results, given in ‘Table 4, show that the increase of carbohydrate content 


after the termination of diapause is completely suppressed by anaerobiosis 
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ARBOHYDRATE METABOLISM IN THE DIAPAUSE EG\ 

Cecropia silkworm is scarcely affected by a higl 

carbon monoxide, whereas the respiration of developin; 

these reagents (WILLIAMS ef a/., 1954) Ihe 

ot Vielanoplus differentialis is hardly affected 

(Bopine et al., 1934). The weal respiration of diapa 
m is also of a cyanide-stabl type (Wo.tsky, 1949 

his co-workers, the difference in the type of respiratiot 


the d veloping pupa is to be attributed to < 


erta 


cytochrome system. In other words, cytochrome ¢ 


diapausing pupae and a typical cytochrome system 
intersegmental muscles of the abdomen (SHAP! 
PAPPENHEIMER and WILLI 1953) 

lhe above metabolic changes during diapause 1 


1 
ty 


egg of Bombyx silkworm, too, diapause is primari 
of normal cytochrome system, although th 


trom that ) Cecropia dorn int pupa 


| 
inactivation of the electr 


' 


liar OxXygel 





rios¢e 


reduc- 


pre sence 


hoglvce rol, 








Haruo Cup 


i! diapa ise egg of the silkworm Bomby 


n content. Embryologia 3, 295-316 


frochem. Ff 





PHYSIOLOGIE DES VERHALTENS ZUR 
SONNENSTRAHLUNG BEI DEM ‘TAGFALTER 
ARGYNNIS PAPHIA L.—I 


UNTERSUCHUNGEN IM FREILAND 


W. VIELMETTER 


e Vir 


Abstract—A | 
ia | 


EINLEITUNG 





l'agschmetterlingen tiefergehende Beziehungen zwischen Strahlung 


bestehen Kaisermantel kommen 
Variation 
Wurden Sle 1edoc 


Itrarot-reichen Strahlung einer War 
bestrahlt, so zeigten si ilsbald Balzverhalten und _ schliesslicl 


1. Wédrmestrahlung erwies sich damit als entscheidender Umweltfaktor 
\uslésung des | 


Fortpflanzungsverhaltens 
dieser Arbeit wird da Verhalten 


und 
inter normalen Laborbedingungen 


rebungstemperatur niemals zur Fort 


eines ‘l'agfalte lrgynnis) in seinet 
ngigkeit von der direkten Sonnenbestral ind von andern Wiarmebedi 
y ht 


POULT 


Fal 


y 


igkeit ausseren Warmebedingungen 


, , , , , , 
nesphysiologische . n wel 1 diese , Arbeit peschriebdenet 


ESSTECHNIK 








W. VIELMETTER 


BESCHREIBI DES VERHALTENS IN SEINER ABHANGIGKEIT VON 
THERMISCHEN BEDINGUNGEN 
wahrend r Aktivitadt im LT emperaturoptimum 
hen Hochsommertagen finden sich bei Lufttemperaturen 
C Kaisermantel in grosser Zahl auf den Wiesen des Tales 
in. Wahrend die Weibchen nur kiirzere Strecken von Bliite zu 
urchstreifen die Mannchen auf der Suche nach Weibchen in weiten 


ginstiger die ‘emperaturbedingungen sind, 


Suchfliige durch Ruhepausen auf den Bliiten. 


ungswilliges Weibchen auf, so entwickelt sich ein 
Dabei wird das waagerecht geradeaus schwirrende 
relmdssigen Kreisen umtanzt (MAGNus, 1950) 
nbalz mit einem besonderen Bewegungszere- 
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Lage des Falters mit cd age des Gerits auf 3° sinngemass 


\bweichung ‘ des Falters von dem Einstrahlungslot zur Kérper- 
ie Schattenlange der Scheibe (a) auf dem Staibchen unter 





feobachtet an 


chen] egenden 





VERHALTEN ZUR SONNENSTRAHLUNG BEI AR \ PA 21 


Das Ergebnis, dargestellt in Abb. 7 zeigt, dass sich die Kaisermintel sowohl 
in der Sonn-Stellung als auch der Wirme-Schutzstellung sehr prazise zur Sonne 
ausrichten: 75 der untersuchten Falter wichen weniger als 6° von det 


ti rungslage ab 


Dem Befund dieser Messungen scheint zu widersprechen, dass in Grupper 
sich sonnende Falter gegeneinander ganz verschiedene Lagen einnehmen ut 
Beobachter eine Ungenauigkeit ihrer Orientierungslage zur Sonn 
wirkliche Sachverhalt ist folgender 

Abgesehen von dem eingeschrinkten Freiheitsgrad riumlichet 
Querachse, besitzt ein Schmetterling noch einen vollen Freiheitsgrad un 
Einstrahlungsrichtung (S), der in Abb. 8 durch vier unendlich méglichen wen 
veranschaulicht ist Auf emer ebenen Sitzflache Sonn-Stellung entfallt dieser 


Freiheitsgrad, weil durch das Kontaktbestreben der streng symmetrisch beweglichen 


Fliigel die Querachse zwangslaufig der Oberflache der Ebene parallel liegt. Bei beliebig 


Neigungsgrad der Ebene im Raum g s auf ihr jeweils nur eine einzige Lage des 
Schmetterlings, die den Anforderungen der Definition gerecht wird. Dies ist in Abbildung 
9 schematisch dargestellt. Auf einer Ebene mit den Koordinaten x, y, z sonnt sich 
Falter, dessen Koordinaten (L, H, Q) im Sitzen im Winkel «,, um O gedreht sind 
Strahlung (S) trifft die Ebene im Winkel « zu y und den Falter im Winkel «, zu H. Wird 
die Ebene im Winkel 8 um x gekippt, dann muss der Falter sich um einen Winkel y auf det 
Ebene drehen, damit die alte Lage zur Strahlung korrigiert wird. ‘Trigonometrische 
Betrachtung liefert die Beziehung 


ty 3 


Aus ihr lasst sich durch Einsetzen von Zahlenwerten zeigen, igend steiler 


Bestrahlung der Ebene («= 45°, tg a i kleinen Kippwinkeln (8) di vw des Falters 
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VERHALTEN ZUR SONNENSTRAHLI 


Bei solchen ausnahmsweise stillhalten 
Strahlungsschwankungen sehr gen: 


Kérpers—nicht der Augen—reagieret 


zunehmender 
Stell 


um bei langerer 


; 
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gescnie ht bei schwac 


Be funden 


Kindruck 





atsachlich konnte aktiven Faltern, solange sie sassen, 


er wiedet Orientierungslage zurtickzukehren 


len Falte ich in der schon beschriebenen 


Orientierungslag Das in Abb. 7 eingefiigt 


ZCI 
Ausrichtung zur Sonne, wenn auch weniger genau 


e-Schutzstellung erhalten bleibt. 
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Anderungen der thermischen Grdéssen. dere 


sollte, durften sich nur langsam vollziehen 
Die Luftte mperatur }) geniigt dieser 


niemals sprunghaft 

Die Strahlung (7), gemessen als direkt 
be: Bildung leichter Dunstschichten und 
Cirruswolken-Felder. Deshalb wahlte icl 


aus 


~ ~ 


Tunehmender / ifttemperatu 
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durch den Schwerpunkt der Punktwolke 


onsgerade. Diese Gerade hat die Gleichung: 
(1) 


die Verschiebung. #, ist der Achsenabschnitt, der 
jurch Extrapolation gefunden wird. Zu der Regressions- 
berechnet; der ein Mass fiir die otrenge des 

liefert (7 1, strenger Zusammen- 

10) lisst sich grundsi&tzlich keine 

Viesswerten tatsichlich ein linearer Zusammenhang 


nnender Falter r Reginn des Baumflugs wurde auf 


geschilderten Beispiel beobachtet und ausgewertet. 


in gest nissiger Zusammenhang, der sich als 


dergeben lasst Diese Gerade 


st aber etwa 10°C auf der ‘lem 
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zweitens: del 
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rTER 


dieser Darstellung ordnen sich auch die Haufigkeitsgipfel der Balz sinnvoll 
in: sie ziehen sich ziemlich genau durch di 


Mitte des Flugaktivitatsbereiches, 
der damit als Zone héchster Aktivititsentfaltung zu betrachten ist. 


Zu héheren ‘Temperaturen und schwicherer Strahlung hin wird der Akti- 
vitatsbereich schmialer. Damit nimmt aber auch dic 
[Ihr Auftreten ist nicht ausschliesslich auf hohe 


sondern, wenn die ‘lemperatur 
bei fast bedecktem Himmel auf 


Hiaufigkeit der Balzen ab. 
Einstrahlungswerte angewiesen, 
geniigend hoch ist, treten Balzen zuweilen noch 


inaktivitats — 
bereich 


Wind und Luftfeu Atis 


Der Wind w 
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ar in der Darstellung bisher als 
tin die Betrachtung mit einbegriftfen wordet 
hrte dies zu uniibersichtli n Verhaltnissen, 
hsmessur 
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thermisch wirksame Grédss« 
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VERHALTEN ZUI ONNENSTRAH 
Kinstrahlung (~ 100 mW.cm~?) beobachten, dass die Falter sich noch bei 
temperaturen zwischen 23° und 25°C sonnten, wahrend sie bei Luftruhe b 
bei 15°C zur Flugaktivitat ibergingen. An windigen ‘l'agen konnte ich selbst bei 


l'emperaturen von 30°C in der Mittagseinstrahlung keine Falter in der Warm 


Schutzstellung finden 
Diese Einfliisse des Windes auf das Verhalten sind so gross, dass sie nur auf 
einer Wdrmeabfuhr durch Konvektion beruhen kénnen. Nun kann von einem 


festen Kérper nur dann durch den Wind Warme abgefiihrt werden, 
’ 


Koérper gegeniiber der Luft iibertemperiert ist. In dem Masse, ui dem mit 
zugefiihrten Strahlung der ‘l’emperaturiiberschuss im Kérper zunimmt, wichst 
auch die Wirmeabfuhr durch Konvektion. Das kénnte fiir die Steigung 

‘Verhaltensgrenzen” (der Regressionsgeraden a, 6 und c der Abb. 14 

bedeuten, dass sie mit zunchmender Windgeschwindigkeit flacher werden miissten 
Da niemals vdllige Windstille herrscht, kann demnach in den Anstiegen dieser 
Geraden der Einfluss geringer Windgeschwindigkeiten implizit enthalten seit 


1) 


das Zu- und Abnehmen solcher geringen Luftstr6émungen diirfte fiir die stark« 


Streuung der Messwerts Abb. 10 und 11) mit verantwortlich sein 


Der Wind iibt nocl 


Konvektion zurii 
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Kérpertemperatur der 
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Untersuchung an frei fliegenden unmdglich. Zum anderen 


auch nach soregfiltigem, Organschidigungen vermeidendem Ein 


Viesssonde schwere St6érungen des Normalverhaltens heraus, di 


ng feinster Elemente und leicht beweglicher Zuleitungen 


leb« nde 


onfaiden 


waren 


hiitter- 
‘I arsen- 
sStorende 


teiner 


indirekter Strahlung auf die Kérpertemperatur 
icht nur durch die direkte Sonneneinstrahlung 
Gesamtstrahlungsbilanz ab. Dabei sind diffuss 
Boden reflektierte Sonnenstrahlung die wirksamen 
und kurzwelligen Ultrarotbereich. Dazu 
im langwelligen Bereich nach dem Stefan 
besteht zwischen einem Kérper und der 
hgewicht, wenn die absolute ‘Temperatur 
mperierte Umgebung—dazu gehéren alle Fest 


eine Strahlungsaufnahme des 


Kinstrahlung immer der Fall 

GeIGER 1950, Parry 1951) sind 

e extremen Verhaltniss« 
isammengestellt Aus ihnen 


ht orientierte: 
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Es zeigt sich, dass | bertemperaturen des Kérpers gegeniiber der Luft beim 


ganz betrichtliche Werte annehmen, eine ‘l'atsache, die schon 
’oikilotherme festgestellt wurde (BuxToN, 1924b: 

sER und Duspiva, 1933; STRELNIKOW, 1936) 

Anteil der Ubertemperatur durch direkte 

l‘abell Zeigt, wiht hoch etwa det Bruchteil 

Strahlung relativ zur gesamten | bertemperatur ist 
lass dieser Quotient unabhangig von der Strahlung, die 
h bleibt. (Das gilt allerdings nut 

Bewélkung kann der Quotient, 

rsam abk ihlenden Bodens, 

den | abellenwerten wurde sich der 

m Miuttel zu 11+-2-5 berechnen. In 

der Kérper des beschatteten 

Bilanz mehr langwellig« 


lier Somit diirtt 


i dé Kor peruvertemperatur 


FraALLA (1941) be: Annaherung 


ler 


Kérpertemperatur gefun 


Bod 
WW 





VERHALTEN 


ein Einfluss der Unterlage zu erwarten. Deshalb mass ich die ‘Temperature 
Faltermodellen, di ntweder frei gespannt, oder bei sonst gleichen Bedingung 
ntiert waren. Ergebnisse und Messbedingut 


auf Bliiten oder slattern mx 


elnem 
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TABELLE 4 


7 Ad, Ad, Ad, , 
(mW. cm~*) ((frei) “C) | ((Bliite) °C)}| ((Blatt) °C) 


0-2 ‘ 0-1 


2 2 
2+0°3 0-8 
5 +0-4 : 1-1 


3 ahnliche, gleichgrosse Falter waren in der Haltung und Orientierungslage der Sonn-Stellung, 


in Rahmchen gespannt, der Sonne exponiert und wie folgt montiert 
erstens: ein Falter frei in der Luft 
zweitens: auf einem Bliitenkopf (Cirstum oleraceum, © 3-5 cm) 


drittens: auf einem Blatt (ellipsenférmiges Haselblatt mit den Hauptdurchmessern 8 und 


Die Temperatur wurde im Thorax gemessen 
7: direckte Einstrahlung (Aktinometermessung) 
#,: Lufttemperatur (Aspirationsthermoelement, 30 cm vom Tier) 
}.: Ubertemperatur des freigespannten Falters gegen die Luft 
Ubertemperatur des Falters auf der Bliite gegen den freigespannten 
Ubertemperatur des Falters auf dem Blatt gegen den freigespannten 
Wert ist das Mittel von 5 Versuchen mit je 10 hintereinander liegenden Messungen: die 


Streuung ist durch aufgerundete mittlere Fehler angegeben 


(c) Abschdtzung der Kérpertemperatur wdhrend kritischer V erhaltenssituationen 
durch Modellmessungen 

Da nun bekannt ist, in welcher Gréssenordnung sich verschiedene Sitzflachen 
thermisch auswirken, ist es méglich, Kérpertemperaturen sich sonnender oder in 


Warme-Schutzstellung befindlicher Kaisermantel mit ‘“‘thermischen Modellen”’ zu 


vergleichen die in entsprechende Lage gebracht sind. Wir kombinieren damit 


Verhaltensbeobachtungen mit T’emperaturablesungen an gespannten Faltern. Das 


Ergebnis ist in Tabelle 5 zusammengestellt. An Messwerten ist neben der 
Einstrahlung (7) und Lufttemperatur (#,) die zugehérige Kérpertemperatur (7#_) 
und die Kérpe r-[ ber-Temperatur (Ai) des Modellfalters angegeben. Die aus der 
vermerkten Versuchsanzahl (mn) gewonnenen Werte sind statistisch gemittelt 

Aus den Werten wird deutlich: bei etwa gleicher Einstrahlung werden beim 
Sich-Sonnen viel héhere Ubertemperaturen erreicht als in der Warme-Schutz- 
stellung (vgl. A? 5 und 6). Dieser Unterschied kann nur auf der verschiedenen 
Fliigelstellung beruhen. Daraus schliessen wir, dass Anderungen der Fliigel- 
stellung ein wirksames Muittel sind, im der Sonne die Korpertemperatur zu regeln. 
Vergleicht man die Werte der Kérpertemperatur mit dem Auftreten der Reak 
tionen, so zeigt sich, dass die Sonn-Stellung in einem breiten Kérpertemperatur- 
bereich zwischen 25° und 34°C aufrechterhalten wird (vgl. #. 1, 2, 3 und 4, 5), 
wahrend die Wiairme-Schutzstellung nur in einem sehr schmalen Bereich (35 


bis 37°C) vorkommt. Hier werden schon Kérpertemperaturen erreicht, welche 
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fiir die Falter zu hoch sind und sie zwingen, in den Schatten auszuweichen (vg! 
} 


le 


#6 und 7). Von besonderem Interesse ist die ‘Tatsache, dass die eigentlic 
Flugaktivitét ebenfalls auf einen relativ schmalen K6rpertemperaturbereich 


"TABELLE 5 


(mW. 


» . 
Ubergang vom Sich-Sonnen zum 
Baumfiug: 1 


Ubergang vom Sich-Sonnen zur 
Flugaktivitat: 4 


= 
Ubergang von der Wiarme-Schutz- 
stellung zur Flugaktivitiat: 6 
Ubergang von der Wirme-Schutz- 
stellung zur Schattenflucht: 7 


Intensitaét der direkten Sonneneinstrahlung 
#,: Lufttemperatur in 2 m Bodenhdéhe 
#_: Thoraxtemperatur des Modellfalters 


\#: Differenz der Temperaturen ?,—0, (Kérperiibertemperatur 


Modellfalter war jeweils ein in 1:50 m Bodenhédhe in der “Orientierungslage”’ gespannter 


’ 


Falter, mit dem die Sonn- und Warme-Schutzstellung nachgeahmt wurde 


beschrankt ist (vgl. #. 5 und 6). Dieser Bereich darf als Zone optimaler Kérper- 
temperatur betrachtet werden und liegt so weit die Messungen Auskunft geben 


kénnen, mit Sicherheit innerhalb der Kérpertemperaturen von 32° bis 37°C 


(8) ZUSAMMENFASSUNG UND VERSUCH EINER SYNTHESE 

Kaisermantel bevorzugen in threm Biotop grosse, der Sonne zugingliche 
Waldwiesen. Der Aufenthalt dort ist von einer unteren und oberen thermischen 
Grenze eingeschrankt, die durch die Verhaltensweisen des Baumflugs (Abb 
3c) und der Schattenflucht (Abb. 3e) gekennzeichnet sind. Innerhalb dieses 
breiten thermischen Bereichs treten Reaktionen auf, bei welchen die Falter 
entweder mit gedffneten Fliigeln in der Sonn-Stellung (Abb. 3b), oder ge- 
schlossenen Fliigeln in der Warme-Schutzstellung (Abb. 3d) regungslos, prazise 
zur Sonne orientiert am Ort verharren. Alles andere Verhalten (Bliitenbesuch, 
Balz, Eiablage) spielen sich innerhalb des Aktivitdtsbereichs ab, der thermisch 
zwischen diesen beiden Reaktionen liegt. Der Ubergang von einem Verhaltens- 
bereich zum anderen ist in gesetzmiassiger Weise von der herrschenden Einstrah- 
lung und Umgebungstemperatur abhingig. Diese Verhaltnisse hatten wir in 
einem ‘“‘Zustandsdiagramm” des Verhaltens (Abb. 14) veranschaulicht. Dort 
hatten wir die Grenziiberginge des Sich-Sonnens und der Wairme-Schutzstellung 
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zum Aktivitatsbereich als Funktion der Lufttemperatur und direkten Einstrahlung 
aufgetragen und Regressionsgeraden gefunden, welche diese Grenzen reprasen- 
tieren 

Deutung dieser Befunde stellen wir nun die Hypothese auf, dass fir 
den rgang von einem Verhaltensbereich zum anderen jeweils eine bestimmte 
Koérpertemperatur verantwortlich ist. Das bedeutete fiir die Regressionsgeraden 
der Abb. 14, dass entlang einer jeden Geraden die gleiche Kérpertemperatur 
herrscht. Mit anderen Worten: die Regressionsgeraden sind Isothermen der 
Koérpertemperatur. 

Die K6rpertemperatur ist die Summe der Lufttemperatur der Umgebung 
des K6rpers plus seiner augenblicklichen Ubertemperatur, die er tiber die Umge- 
bung hat. Wir hatten gesehen('l'abelle 2 und 5), dass die Kérper-Uber-Temperatur 
eines Falters mit zunehmender Einstrahlung erheblich ansteigt. Dabei zeigt sich, 
dass nicht nur eine Abhiangigkeit der Kérper-Uber-Temperatur von der 
Strahlungsintensitét, sondern eine weitere Abhiangigkeit durch die Ké6rper- 
ind Fligelstellung zur Sonne vorhanden ist (Tabelle 5): In der Sonn-Stellung 
entstehen bei gleicher Einstrahlungsintensitat wesentlich héhere Kérpertempera- 
turen als in der Warme-Schutzstellung. (Von dem zusiatzlich auftretenden 
Einfluss der Konvektion des Windes und der eigenen Warmeproduktion auf die 
Kérperiibertemperatur diirfen wir in dieser Betrachtung absehen.) Eine 
bestimmte ‘l‘emperatur, die bei schwacher Einstrahlung im K6rper herrscht, 
kann bei starker Einstrahlung nur bei entsprechend tiefer liegender Lufttemperatur 
erreicht werden. 

Das bedeutet fiir die Regressionsgeraden der Abb. 14, dass sie negativen 
Anstieg haben miissen, wenn sie als Isothermen der Kérpertemperatur gedeutet 
werden sollen. Die ‘Tatsachen bestitigen dies und noch mehr: der Anstieg 
derjenigen Geraden, die den Ubergang aus der Warme-Schutzstellung darstellen, 
verlauft wesentlich flacher, als der Anstieg von Geraden, die einen Ubergang 
von der Sonn-Stellung aus reprasentieren, was sich ohne weiteres aus dem oben 
igten ec! 


lungsintensitat Null die Kérper-l ber-'T'emperatur verschwindet: die Kérper- 


ibt. Schliesslich folet aus obiger Betrachtung, dass bei der Strah- 


ao 


temperatur wird gleich der Lufttemperatur (vgl. ‘Tabelle 5). Daher gibt der 
\chsenabschnitt jeder Regressionsgeraden direkt die Ké6rpertemperatur an, 


die ihr als Isotherme zukommt. Vergleichen wir diese Kérpertemperaturwerte 


ct gemessenen (‘T'abelle 5), so zeigt sich eine gute Ubereinstimmung. 


gibt sich fiir den Bereich der Flugaktivitaét eine eigenartige 


1enz: da er beiderseits von Isothermen begrenzt ist, deren ‘T'emperaturen 
praktisch zusammenfallen, gilt, dass tiber diesen ganzen Bereich die Kérper- 
temperatur auf etwa 34°C gleich gehalten wird. Daraus ist zu schliessen, dass 
im ganzen Flugaktivitdtsbereich die Falter ihre Koérpertemperatur regeln. Ohne 
bis jetzt einen direkten Nachweis erbringen zu kénnen, nehmen wir an, dass 
die Regelung durch fortwahrende Stellungsinderungen der Fliigel geleistet wird 
(Abb. 5). Diese miissen sich den Bewegungsablaufen anderer Verhaltens- 


weisen in einem komplizierten dynamischen Wechselspiel tiberlagern Der 
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i 


Einblick in den Regelprozess ist dadurch natiirlich erschwert. In 


: 


Mitteilungen sollen diese Zusammenhinge eingehend analysiert werden. 
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Abstract— Using paper partition chromatography, the free amino acids and related 


ibstances in the methanol extracts and in the blood from various larval and pupal 


tages of Culex pipiens (autogenous form) were studied. The ninhydrin-positive pattern 


; the same as that described earlier (LAVEN and CHEN, 1956), and no qualitative differ- 
ences were found between the developmental periods. In the course of larval develop- 


ment the quantities of proline, tyrosine, and glutamine per individual increase rapidly 


\ccording to previous workers, these compounds are particularly involved in the syn- 


hesis of cuticular proteins in the fully grown larvae. However, the concentration as 
well as the amount of total free ninhydrin-positive components per unit body weight 
r total N remain essentially unchanged during the larval life. The free amino acid 
content in the developing pupae is low. At about 24 hr after pupation tyrosine, proline, 
lutamic acid, glutamine, and valine exhibit a slight increase. This fact suggests that the 


it its maximum at this period 


INTRODUCTION 
REFERENCE to the biochemical studies of lethal factors in Drosophila melanogaster 
shows that the protein metabolism in the lethal mutants differs to a great extent 
from that in the wild types (for references, see HADORN, 1954 and 1956). The 
preliminary work of LAvEN and CHEN (1956) on the factor “‘mel” of Culex pipiens 
(autogenous form) has brought evidence that the blood of lethal larvae is very 
poor in free amino acids. ‘The total concentration of free ninhydrin-positive 
substances in the affected individuals is reduced to about 70 per cent of that 
in the normals. Owing to shortage of material only a limited number of determin- 
ations was carried out at that time. For further analysis of this lethal factor 
it is desirable to have a more complete knowledge on the metabolic changes of 

the free amino acids during normal development 
The variations in the free amino acid content of the insect blood have been 
followed in a number of species at various developmental stages. We need only 
refer to the more recent work on Galleria mellonella (AUCLAIR and DUBREUIL, 1952), 


Culex quinquefasciatus and Aedes aegypti (Micks and ELLis, 1952), Macrothylacea 
rubi (DRILHON, 1952), Bombyx mori (SARLET et al., 1952; AMANIEU et al., 1956), 


* This study was supported by a grant from the “Karl Hescheler Stiftung’. I am greatly 
indebted to Prof. Dr. E. HaDorRN for his valuable criticism in the preparation of the manuscript 
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Drosophila melanogaster (HADORN and MITCHELL, 1951; Haporn and StumM- 
ZOLLINGER, 1953; STUMM-ZOLLINGER, 1954; CHEN and Haporn, 1955; Benz, 
1957), Corethra pulmicornis (CHEN and Haporn, 1954), Calliphora augur (HACKMAN, 
1956), and Ephestia kiihniella (CHEN and KUHN, 1956). In all these insects there 
are steady changes in blood composition as development proceeds. 

The main phenomena in the development of holometabolic insects are growth 
during early larval life, followed by histolysis and histogenesis at metamorphosis. 
These processes involve either the synthesis of new proteins or the transformation 
of them from one form to another, and cause therefore the fluctuation of ninhydrin- 
positive components in the blood. ‘The present study serves as a further example 
to illustrate the close relationship between protein metabolism and morpho- 


genesis in developing insects. 


MATERIALS AND METHODS 
The Culex pipiens stock (autogenous form) used in the present study was 
first reared in the Max-Planck Institute of Biology, Tiibingen, and later in our 


* 


laboratory for many generations.* Eggs were collected immediately after ovi- 
position, and the time of hatching was observed. ‘The larvae were kept in culture 
dishes of 12 cm diameter containing about 450 ml of water and were fed daily 
with powdered dog-biscuit. The feeding usually began on the third day after 
hatching. During larval development the water in the culture dishes was 
changed every 2-3 days. Since larvae from the same batch of eggs may not 
pupate at the same time, the culture dishes were inspected at short intervals 
during the period of pupation. Immediately after the beginning of pupal life 
the pupae were collected from the culture dishes and kept in separate bottles 
until the time of emergence. During both larval and pupal development the 


number of individuals per container (usually 20-30 individuals per dish) was 
controlled in order to avoid overcrowding. All cultures were maintained at 


22:5° C. At this temperature the embryonic development lasts about 48 hr and 


the larval and pupal life 13-15 days and 2-3 days respectively. This is in close 


agreement with the observation reported by MO6LLRING (1956). ‘The same author 
has also given a detailed account of the duration of the four larval stages. 

The free amino acids and related substances in the extracts of whole larvae 
and pupae, and their concentrations in the blood of corresponding developmental 
stages, were investigated by the method of paper chromatography. During 
sampling the specimens were first thoroughly washed in several changes of 
distilled water and the adhering water was removed with filter paper. After 
counting the number of individuals, the total fresh weight was estimated. Accord- 
ing to developmental stages, 12-100 larvae (Table 3) or 12 pupae were used for 
each determination. ‘The extraction of free amino acids was carried out by 
crushing the specimens in a small glass tube followed by washing them in 
80 per cent methanol. After centrifuging, the supernatant was quantitatively 


* The author wishes to thank Dr. H. Laven, Tiibingen, for providing the Culex pipiens stock 
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value rises from 0-0144 for larvae aged 5 days to 0-461 for individuals ready for 
pupation. However, as shown in the last column in Table 1, the quantities per 
unit body weight remain unchanged. Similarly, no distinct variation in the blood 
concentration has been detected at this developmental period (Table 2). The 
values vary from 0-210 for larvae at 6~-7 days of age to 0-235 for those aged 


raBLE 2—TOTAL CONCENTRATIONS OF FREE NINHYDRIN-POSITIVE SUBSTANCES IN THE BLOOD 
OF Culex pipiens LARVAI 


Number 
Number of of larvae Fresh weight Extinction per 
lays after | determinations | needed for (mg/larva) 2 ul blood 
hatching 2 ul blood 
0-305 +-0-0356 0-210 +0-0105 
0-848 —0-0016 0-254+0-0111 
1-950 +0-3181 0-218 +-0-0132 
3-900 +—0-1577 0-235 +0-0081 


11-12 days after hatching. During this period their fresh weights have increased 


more than ten times (see the fourth column in Table 2 





P| 











represents 
lary al 


I i 
@ proline 


With regard to individual amino acids, the amount of substances per larva 


increases rapidly in proline, tyrosine, and glutamine, but only slowly in histidine, 


methionine sulphoxide, leucine, glutamic acid, serine, and valine (Figs. 3 and 4). 
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The increase in proline is especially great. It reaches a value of 3-64 ug per larva 
on the ninth day and rises to 11-84 ug before pupation begins. At the last larval 














Fic. 4. Changes in free amino acids during larval development ; oInt represents 
the average value of 4 determinations. Ordinate g amino acid per larva. Abscissa: larval 
age in days after hatching. 4 tyrosine x-alanine histidine, A methionine sulphoxide 


fa, \eucine 


stage studied, tyrosine and glutamine show values of 4-33 and 3-77 ug per larva 
respectively. Considering that both fresh weight and total N rise to high values 


during this period, the general increase of these substances appears self-evident 


‘TABLE 3—QUANTITIES OF FREE AMINO ACIDS IN 4G SUBSTANCE PER 1G TOTAL N AT SUCCESSIVE 
LARVAL STAGES Al 


Larval Number Amino acid (ug)/ N(ug) 
age of larvae iv 
(days per deter-| N (ug Glu- 
after mination | larv: tamic Serine | ‘T'yro- L- Valine 1e | Proline 
hatching) acid sine alanine 


0-0488*! 0-0332 | 0-0761 | 0-0492 | 0-0192 0-0266 00-0963 


) 


0-0569 | 0-0398 | 0-0949 | 0-0549 | 0-0196 0-0278 | 00-1705 
00-0538 | 0-0296 | 0-0847 | 0-0493 | 0-0191 0-0264 | 0-1661 
0-0401 | 0-0355 | 0-0928 | 0-0410 | 0-0212 | 0-0273 | 0-1879 


00-0362 | 0-0296 | 0-1025 | 0-0573 | 0-0171 0-0224 | 0-2806 


In fact, when the amount of amino acid is expressed per ug N, only in tyrosine, 


proline, and possibly «-alanine is there a detectable increase (Table 3). For 


glutamic acid, serine, valine, and leucine the values are even lower at 11-12 days 


of age. 
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\t metamorphosis there is a general decrease of the free amino acid content 
[he total quantities of ninhydrin-positive components are reduced from 0-315 
per individual at the early pupal life, to 0-217 at the time of imaginal emergence 


(‘Table 4 ‘he same is true of values per unit body weight, which are 0-103 and 


FREE NINHYDRIN-POSITIVE 
pipiens AT 22°5°¢ 


Extinction pupa Extinction/mg 


R5 —0-O6R8 0-315 —0-0052 0-103 —0-0028 


3-237 4-0-0723 0-308 +0-020 0-095 — 00-0065 


R7 00-0546 0-217 00-0386 0-078 —0-0146 


4 younger and older pupae respectively. Comparing ‘Tables 1 and 4, 

can readily be seen that there is a distinct reduction of free amino acids during 
the time of pupation. ‘The values are 0-461 per fully grown larvae and 0-315 per 
pupa at 12-24 hr of age. ‘This decrease is even more marked in the total concen- 
f blood. For larvae aged 11-12 days the extinction value is 0-235 unit 

11 blood (‘Table 2), while for pupae aged 12-24 hr it amounts to only 

unit (Table 5). It should be pointed out that it is almost impossible to 


BSTANCES IN THE BLOOD 


rf pupae Extinction per 
led for > ul blood 


()-174 00-0051 
0-143 —0-0101 
0-124 0)-O0OR4 


ire haemolymph from pupae without contamination of fat body and 


other tissues. ‘he pupal blood was thus possibly somewhat contaminated during 


sampling. However, as already described, this difference is also detectable for 


extinction values per whole larva and pupa. ‘The figures presented in the last 


? 


column of Table 5 indicate further that there is a general decrease of blood 
concentration in the course of pupal development 
Further studies of the concentration of individual amino acids in the blood 


of fully grown larvae and pupae at 24 hr of age showed that, although the total 


ninhydrin-positive composition decreases during pupation, the individual com- 


ponents by no means behave in the same way. As illustrated by the diagram 
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the concentrations of glutamic acid and leucine are even higher in 
‘hat of valine is about the same in both 


s definitely lower in the pupal than in the 


in Fig. 5, 
For the 
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other amino acids the concentration i 
‘he difference is particularly marked for proline and glutamine 


0 ul blood 


larval blood 


g per 20 ul blood at the larval, and 21-3 ug per 2 


‘he values are 102-2 























at the pupal, stag proline. ‘The corresponding figures for glutami 


ill be discussed later, these substances are largely involved i 


and 5:8 \s 


synthesis of cuticular proteins (see discussion) 
t 


i lopme ntal 


he estimations of various amino acids per pupa during 3 dev 


a slight increase is detectable for tyrosine, 


stages revealed that at about 24 hr 
glutamic acid, glutamine, and valine (Fig. 6). The fluctuation is even more 
distinct for proline. But no such temporary rise has been observe¢ x-alanine, 
with the 


leucine, and serine (} lv 7) lhes« 3 amino acids decreast steadil 


advance of pupal age. In ‘lable 6 values of free amino acid content estimated 
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per unit total N are given. The total N for pupae aged 48 hr is relatively low. 
Similar to the results quoted for quantities per whole pupa, both serine and 
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Fic. 6. Changes in free amino acids during pupal development. Ordinate : ug substance 


per pupa. Abscissa: pupal age in hr after pupation tyrosine, @ proline, glutamic 


] , 
acid giutamine +) valine 








24 36 48 
hours 
Fic. 7. Changes in free amino acids during pupal development. Ordinate: ug substance 


per pupa. Abscissa: pupal age in hr after pupation. £, leucine, 2-alanine, & serine 


AMINO ACIDS IN 4G SUBSTANCE PER UG TOTAL N DURING PUPAI 


”», 


TABLE 6—QUANTITIES OF FREI 
DEVELOPMENT AT 22°5 ¢ 


Amino acid (ug)/N (u 


Pupal age | Number of | Total 
(hr after determina- | N (ug/ | Glutamx Glu- 


pupation) tions pupa) acid Serine | tamine | Valine | Leucine | Proline 


12 56-23 0-0243* | 0-0088 | 0-0148 | 0-0128 0-0228 | 0-0334 
24 58-2 0-0269 00-0077 | 0-0185 | 0-0132 0-0214 | 0-0468 
48 00-0225 00-0068 | 0-0139 | 0-0124 00-0152 | 0-0376 


* Each figure represents the average value of 4-5 measurements 


leucine show a successive reduction during this period. For glutamic acid, 


glutamine, valine, and proline a slight increase is again noticeable at 24 hr after 


pupation 
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DISCUSSION 
The metabolic changes in free amino acids during development are obviously 
different in different insects. In Drosophila melanogaster the larval life is charac- 


terized by a continuous decrease of the concentration of free amino acids in the 
haemolymph (HapoRN and STUMM-ZOLLINGER, 1953; CHEN and Haporn, 1954) 


As already described, the Culex pipiens larvae show neither a decrease in their 
total quantities of free ninhydrin-positive substances per unit body weight or 
total N, nor a lowering of their blood concentration with the advance of ag« 
The same is true of Ephestia kiihniella larvae (CHEN and KUHN, 1956). Apparently 
both feeding and the rate of protein synthesis play a part in the regulation of 
blood concentration. In addition, the amino acids are believed to play a part in 
adjusting the osmotic pressure and the buffering action of the body fluid 
(WiIGGLEsworTH, 1947, p. 230; Zwicky, 1954; HackMAN, 1956). They may 
also be directly consumed through oxidation. In the haemolymph of Drosophila 
larvae, an electrophoretic study has shown that there ts a reciprocal relationship 
between amino acid concentration and protein content (CHEN, 1956). ‘The amount 
of soluble proteins per unit volume blood increases steadily as larval develop- 
ment proceeds. It would be of interest to investigate how the protein content of 
blood behaves in Ephestia and Culex larvae 

As reported earlier (LAVEN and CHEN, 1956), and again observed in the present 
study, the content of proline in the blood of the mosquito larvae ts especially 
high. At the earlier pupal life there is also a distinct increase of this amino acid 
(cf. Fig. 6). It seems that large quantities of proline are incorporated into the 
proteins of the larval tissues. ‘This fact is in agreement with the findings of 
HACKMAN (1953) that there is a high content of proline in the proteins of insect 
cuticles. Proline also plays an active role in the overall protein metabolism 
According to LANG (1952) it can be oxidized to glutamic acid by proline oxidas« 
here is also evidence to suggest that proline can be changed to ornitl 
vice versa. ‘The metabolic relations glutamic acid, ornithine, and proline are 
given in the recent work of VOGE! 

I'yrosine ts another amino id which occurs in large quantities in the free 
state at later larval stages (Fig Che biochemical studies of this substance 
indicate that it enters into important metabolic activities at metamorphosis 


(1) a large amount of it is incorporated into the protet f the larval cuticle 
shortly before pupation (HACKMAN, 1953 2) substrate for the 
tanning reaction of the larval cuticle at the time of puparium formation (FRAENKEI! 
and RupALL, 1940, 1947: DENNELI 947 yor, Russei., and Topp, 
1947: HacKMAN, 1953b) 

Considering the key role of gluta in tel sis the accumulation 
of this amide in aged larvae appears to | ( irious experiments suggest 
that it participates in transaminatior ISTER 95 ind transpeptidation 
(HaANes et al., 1952; MEISTER he which 
indicates that it works as a yxicating ag for a imb natic acids 


and possibly ammonia (WeIL-MALHERBI 53) t in the metabolisn 
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sects, glutamine is involved 1 synthesis of uric acid (Ussinc, 1946) 
glucosamine (LELOIR and ARI 1. 1953: LowTHeR and Rocers, 1955) 
r substance plays a p: th mation of chitin 

In general the nter free ninhydrin-positive materials 1s much lower in 
pupae than in the larvae which art ready for pupation (compart lables 1 
ind 4 lhe reduction of glutamine, proline, and tyrosine ts particularly marked 
Figs. 3, 4 and 6). Reference to the work on Sarcophaga falculata (DENNELI 
1946) and Calliphora augur (HACKMAN, 1953) indicates that new cuticular mat rial 
; formed just before the beginning of pupal life, so that the larval cut le increases 
thickne Ss al this pt riod In the foregoing sections we have seen that all these 
e compounds are especially concerned in the synthesis of cuticular proteins 
1 their decrease would thus seem probable. Of course other factors like the 
stopping of feeding after pupation and the consumption of amino ac ids for energy 

ral lowering of the blood concentration 
f free amino acids at a particular pupal 
e histolytic and histogenetic process, 
of amino acids through degradation of larval tissues on the one 
the utilization of them for the formation of imaginal organs 
acids already quoted (pp. 45-46) suggests that in the 
ic process is at its maximum at about 24 hr after 
Similar observations have been reported for 
1949) and Ephestia kiihniella (CueN and 


aring Aedes aegypti larvae on a chemically 
in addition to other components 17 amino 
(1948) reported that for growth of mosquito 
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However, methionine 
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taurine, whereas cystine was found in the present study 
arises from cysteine whi j n duction prod ict 
iso CO 

different 1 hod ti 5 | Chev found 


sulphoxide ‘ ‘ IRDON (1952 recorded in v: 


larvae, in addition to other free amino acids. tryptophan and a-a 


acid. Further investigation is needed to find out how far these discr: 


hé 


related to differences in the technique ind to wh ire speci 
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CYCLIC CO, RELEASE IN DIAPAUSING PUPAE—III 
CO, CAPACITY OF THE BLOOD: CARBONIC ANHYDRASE 


JOHN BUCK and STANLEY FRIEDMAN 


of Physical Biology, National Institute of Arthritis and Metabolic Diseases, 
Institutes of Health, Public Health Service, U.S. Department of Health, 
Education and Welfare tethesda, Marvland 


Abstract he [ ty of the pupal 


fiva } ] rof it un per cent 


INTRODUCTION 


1 


[HE extraordinary cycles of CO, retention and release in certain insects (PUNT, 


1944, 1950, 1956a, 1956b: SCHNEIDERMAN and WILLIAMS, 1955: Buck and KEISTER, 
l 


955; SCHNEIDERMAN, 1956) have been ascribed to alternating periods of constric- 
tion of the spiracular valves, during which most of the respiratory CO, 1s retained 
in body buffers, and dilatation, during which stored CO, diffuses out suddenly in a 
“burst” in which the rate of CO, release may be as much as forty times as high as 
in the interburst period. Data on tracheal volume and tracheal pCO, in diapausing 
pupae of the Agapema moth show that less than 15 per cent of the volume of a 
burst could be supplied by CO, initially in gaseous form in the tracheal system 

and Keister, 1958). Consequently, it is important, in evaluating the 

mechanism of cyclic respiration proposed above, to ascertain whether the blood 

and tissue liquids can in fact buffer the volume of CO, that would be required, and 

whether such stored C( ds could be released into the gas phase at the rates observed 

to obtain during bursts. We have investigated these questions, using pupae of 
; 


lgapema galbina (from Frank A. Sala, Burbank, California) and of Hyalophora 


cecropia generously supplied by Dr. H. A. Schneiderman 


METHODS 
l’o retard loss or gain of gases by the blood, the pupae were bled under mineral 
oil. ‘To avoid contamination by tissue fragments, gut contents, etc., we used only 
blood which drained spontaneously or with gentle pressure from slits made through 
the body wall, taking care lest undue pressure cause an internal rupture permitting 


the black gut liquid to mingle with the blood. (No one puncture location was 





penetrated.) 


markedly superior as a source of blood, as long : ie haemocoel wa 


lgapema pupae of average 1 g weight yielded up to 300 ul lear, pale grees 


blood. and the 3—5 y Hyalophora pupae gave more than | ml of clear 


Because of transfer losses, blood pooled trom 3 4 lvapema Was usuall 


a complete CO,-« apacity series, although only 250 ul were 


time 


lhe CO, content of freshly drawn blood was measured in 20 


drawn directly from the oil-submerged drop into the microgasometet 
(1953).* ‘The method(Lazarow and CLark, 1953) involves displacemer 


combined acidification with phosphate buffer and evacuation. Dupli 
minations were made on each sample, alternating with suitable bl 
dissolved gases (which never accounted for more than 20 
volume of extractable gas). Blood hydrogen ion < 


duplicate 3-5 ul aliquots in the Beckman capillary glass ultramicro-ele« 


electrode being checked against standard bufter of pH 7-0 immediately 


after each determination. The lapse between the time of first contact 
of blood with the oil, and the time of complet uptake into the 


- @ . 
2U-30 sec. The corresponding time for a pH measurement was 45 


+ 


In determining blood 


mixtures were made up 
= 
water tower lhe equilibra } was accon 


; 
| 


small dilatation, the blood beu introduced ai 
sidearm by means of a 0-25 ml tuberculin syringe 


a polyethylene nipple to square-cut 50 mm le yf 1 7 stainless-steel 
hypodermic tubing (Fig. 1A). ‘The equilibratior 
silicone greas¢ except ror ti 
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\ question of prime importance is whether the blood loading data are 
quantitatively compatible with the proposed course of the CO, cycle. ‘The average 
volume of the CO, burst in Agapema pupae—which should represent the amount 
of CO, impounded during interburst—varies from 26 to about 39 wl/g in different 
pupal lots (Buck and Keister, 1955, ‘Tables 2 and 3; 1958, ‘Table 2). However, 
the CO, given off in a normal burst is only of the order of a third of the total 
amount in the pupa just prior to the burst—i.e., there is constantly present a 
large reserve of CO, in solution and combination in blood and tissues (Buck and 
KeIsTER, 1955). Thus in one sample of 17 pupae the normal bursts in air averaged 
27-7 + 2-96 ul/g, but an additional 58-5 3-0 ul/g of CO, was liberated in 
‘purges’ induced by subjecting the pupae to N, immediately after the close of the 
normal bursts. We need, therefore, to be able to account for a total pre-burst ( O, 
capacity of about 90 ul/g in a pupa with a typical burst volume of 30 ul/g 

Assuming that all 720 wl of body water in a 1 g pupa (Buck and Kerster, 1958) 
have the same CO, capacity as blood (10 volumes per cent at the triggering tracheal 
concentration of 6 per cent), the total volume of CO, available would be 72 ul/g; 

20 


i.e., about per cent less than required for burst plus purge. Similarly, the 


volume of CO, in the burst, which presumably represents the amount given off 


while the internal CO, concentration falls from 6 per cent to 5 per cent (1.e., the 


reverse of the increase from 5 per cent to 6 per cent concentration that occurs 


during interburst), corresponds to a change in blood capacity of 2 volumes per cent 


(Fig. 2), or only 14-4 ul for 720 ul of “‘blood’’. Even if increased to 18 ul by the 
3-6 ul of CO, already present in the tracheal gas, this volume is still well short of 
observed burst volumes. However, there are indications that the CO, capacity of 
the whole pupa is considerably above that of the blood—presumably because of a 
higher content of base in the tissues. Thus Buck and Ketster (1958) found that 
normal pupae in 9 per cent CO, took up, when they eventually dilated their 
spiracular valves, an average 79 ul/g of CO,. Since they already contained, at 
the time of valve dilatation, an estimated 90 ul, the indicated total CO, capacity 
of 169 ul is approximately 56 per cent higher than the 108 ul/g that would be 
() 


expected if the pupa were considered equivalent to 720 wl of blood with a capacity 


of 15 volumes per cent of CO, at an ambient concentration of 9 per cent (Fig. 2) 
Similarly the 92 wl/g of CO, taken up by pupae equilibrated in 12 per cent ambient 


licates a capacity 33 per cent greater than expected for blood (137 ul; 


y 


ti/e taken ip from 2) per cent ambient C( )o, added to the 90 ul 


lready there, represents an increase of 24 per cent over the 245 ul that could 


ontained in 720 ul of blood with a capacity of 34 volumes per cent (Fig. 2) 


It can be concluded, therefore, that tissue CO, capacity is considerably higher 


than that of blood, and that the total pupal capacity readily accounts for the 


rved volumes of CO, emitted during both the normal burst and the induced 


purge. The demonstrated presence of carbonic anhydrase in pupal tissues of 
Igapema and Hyalophora indicates that interchange between tracheal and tissue 
CO, should occur fairly rapidly lo tl extent it supports the evidence (Buck 


and KEIsTER, 1958) that most of the C( do released in the burst comes out of solution 
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and combination in the pupal liquids, less than 15 per cent being in the tracl 


heal 
gas at the time the spiracles dilate he data therefore support the idea that the 


CO, released during the burst is normal metabolic Ct ), that has been impounded 
in body butters during the interburst period (BucK and Keister, 1955, 1958) and 


they give no occasion for such postulates as ‘‘carboxvlases and terminal oxidases 
are out of gear”’ (ZEUTHEN, 1955). A possible mechanism of CO, retention involving 
somewhat unusual physical processes, but only conventional biochemistry, will be 


proposed in a future paper (see also outline in press in Proc. Tenth Int. Congr. Ent 
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THE INHIBITION OF QUEEN REARING BY FEEDING 
QUEENLESS WORKER HONEYBEES (A. MELLIFERA) WITH 
AN EXTRACT OF “QUEEN SUBSTANCE” 


BUTLER and DOREEN A. GIBBONS 
Bee Department, Rothamsted Experimental Station, Harpenden, Hertfordshire, England 


(Received 3 October 1957) 


Abstract—It is demonstrated that the residue from an ethanol extract of queen honey- 
bees (i.e. of ‘““queen substance is, when given to queenke vorker honeybees, either in 


tilled 


sugar syrup on the bodies of dead worker bees or in distilled water in a gravity f 


feeder, 


sufficient to inhibit them from constructing emergency queen cells, 


INTRODUCTION 
IN 1954 Butler demonstrated that the workers of a honeybee colony are not kept 
aware of the presence of their queen by her odour permeating the hive atmosphere, 
but that it is necessary for at least a small proportion of them to be able to touch 
some part of her body if the colony as a whole is to continue to behave in a ‘queen- 
right’ manner and to remain inhibited from rearing a new queen in normal 
circumstances. Such contact is also necessary if the worker bees’ ovaries are to 
remain undeveloped. As a result of his experiments BUTLER (1954) suggested that 
the queen of a colony produces a substance (“‘queen substance’’) which becomes 
distributed over her body surface and that workers who lick her body obtain this 


“queen substance” and subsequently share it in regurgitated food with other 


members of their colony 

BuTLER (1956) demonstrated that food removed from the honeystomachs of 
workers which had just licked their queen was, when fed to small groups of queen- 
less workers, capable of inhibiting development of these workers’ ovaries to some 
extent, and direct experimental evidence has been produced which indicates that 
extracts, in acetone or ethanol, of queen honeybees inhibits development of the 
ovaries of queenless worker honeybees to which it is fed in sufficient quantity (DE 
Groot and Voocp, 1954 ;: Voocp, 1955 ; Voocp, 1956 ; BuTLer, 1957a). However, 
although strong circumstantial evidence, much of which is of a quantitative nature, 
has been obtained in favour of the theory that an adequate supply of ‘‘queen 
substance”’ inhibits the workers of a colony from rearing a new queen (BUTLER, 
1954, 1957b), no direct experimental evidence has been available to show that an 
extract of “‘queen substance” actually is sufficient to inhibit queenless worker bees 
from attempting to rear new queens, largely on account of lack of sufficient 
material. Recently, however, thanks to the kindness of Mr. 'T. Palmer-Jones of the 
New Zealand Department of Agriculture and of a number of New Zealand honey 
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farmers, sufficient queens have been obtained for an experiment of this nature to be 


carried out. 


EXPERIMENTS AND CONCLUSIONS 


In a preliminary experiment, repeated several times, a group of 100-200 


workers, taken from a normal colony headed by a mated, laying queen, was 
confined without a queen, in a well-ventilated Perspex cage 60 mm x 50 mm 

95 mm high, and was provided with continuous supplies of distilled water and of 
pollen/candy (prepared by mixing icing sugar with 20 per cent by weight of fresh 
bee-collected pollen and sufficient distilled water to make a stiff paste), the cage 
bh 


DCI 


> 


ng kept in the dark in an incubator at approximately 32°C. After 12 hr a piece 
of worker brood comb containing female larvae about 1 day old was placed in the 
cage and it was found that during the next 24 hr the workers converted at least one 
of the cells occupied by these larvae into an emergency queen cell. It was therefore 
decided to employ the following technique in order to test the biological activity 
of ethanol extracts of mated queen honeybees (i.e. of ““queen substance’’*) 
Seventy-five worker bees were taken at random from each of two normal 
colonies headed by mated, laying queens. ‘hese two groups of workers were placed 
together in a Perspex cage which was provided with food and water and kept in an 
incubator as described above; 12 hr after the bees had been confined, a strip of 
worker brood comb consisting of about 12 worker cells, into 6 of which worker 
larvae of between 12-24 hr old had been placed, was introduced into their cage; 
24 hr later, this strip of comb was examined for the presence of emergency queen 


cells 


Experiment | 


In April 1957, 24 cages, each containing 150 worker bees, taken from 2 colonies 


headed by mated, laying queens, were set up in the manner described above. In 
ach cage 3 freshly killed worker honeybees were fastened with thin wire to the 
piece of empty comb which was attached in the centre of one of the sides. In each 
of 12 cages, the bodies of the 3 dead worker bees present were painted with the 
ethanol extract of the queen honeybees mixed with sucrose syrup ; in the case of 
the other 2 cages (controls) the bodies of the dead workers were painted with 
some of the sucrose syrup to which no queen extract had been added 
[he ethanol extract of the queen honeybees was obtained by soaking mated 
queen honeybees in 98 per cent ethanol for several months. For each of the experi- 
mental « ages 0 queen bee equival nts were taken from this extract and « vaporate d 
to dryness in a water-bath. ‘he residue was then mixed with a few drops of 50 pet 
over the 3 dead worker bees 
he control cages were painted 


SU per cent 
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None of the groups of queenless bees to which some of the queen extract was 
given built any emergency queen cells; on the other hand 9 of the 12 control 
groups each built at least 1 emergency queen cell. It is clear, therefore, that the 
control groups of bees built significantly more queen cells than the groups which 
were given queen extract (P < 0-001). The possibility remained, however, as 
Voocp (1955) had suggested, that the queen extract only acted as an effective 
inhibitor when presente d to the bees on the bodies of dead bees which they licked 

i.e. that some psychological factor was involved. In order to determine whether 


or not this was the case, the following experiment was carried out 


Experiment 2 

This experiment, which was carried out at the end of April 1957, was similar 
to the one just described except that after evaporation of the ethanol, in which the 
queens’ had been extracted, the residual material was mixed with 60 ml of distilled 
water, and some of the resulting fluid was supplied continuously in a feeder to the 
bees in each of the 12 experimental groups. Distilled water alone was supplied to 
the 12 control groups. Both experimental and control groups were given pollen 
candy. No dead bees were present in any cage 

Each of the control groups of bees built at least one emergency queen cell, 


whereas only one of the 12 g 


2 groups which were given queen extract in their drinking 
water did so. In the case of this particular group it was found that the mouth of the 
gravity feeder containing the queen extract had become blocked so that the bees 
had been unable to obtain its contents 

[his difference in the emergency queen cell-building activities of the experi- 
mental and control groups of bees is highly significant (P< 0-001) 

It is concluded, therefore, that the provision of an adequate supply of queen 
extract (i.e. of material containing “queen substance’’) to groups of queenless 
worker honeybees is sufficient to prevent the bees from constructing emergency 


queen cells in conditions under which they would otherwise do so. It is further 


concluded, as earlier experiments have also indicated (BUTLER, 1956, 1957a), that 


the queen extract does not re quire, as Voocp (1955) has suggested, to be associated 
with a living or dead queen, dead worker bee or similar queen-like object, in order 


to be effective 


SUMMARY 

(1) Until recently it has not been possible to obtain sufficient material to deter- 
mine whether an extract of queen honeybees is, when given to queenless worker 
honeybees, effective in inhibiting them from constructing emergency queen cells 
2) It is now demonstrated that an ethanol extract of queen honeybees when 
given to a group of queenless workers, on the bodies of 3 dead worker bees, 1s 
sufficient to inhibit them from constructing such cells 

3) It is further demonstrated that such an extract is fully effective as an 
inhibitor of emergency queen cell production when added solely to the drinking 
water of a group of queenless bees 
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n honeybees is id 


4) It is tentatively assumed that the effective agent in such an ethanol extract 
lentical with the 


‘queen substance”’ postulated by BUTLER 
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CHE EFFECT OF RELATIVE HUMIDITY ON EGG-LAYING 
HATCHING, AND SURVIVAL IN VARIOUS SPIDER MITES" 
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relative humidity has the effect of causing the death of spider mites 
“‘chrysalis”’ stages the inactive stages immediately preceding moults) 
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from unfertilized mothers, there is no resulting deterioration of the host plant such 
as occurs whe n ov ipositing ic male S are present 
In 1953, Dr. G. Wuarton, of the University of Maryland, suggested in a 
conversation that high relative humidity decreases the rate of feeding in mites, while 
low relative humidity has the effect of increasing the feeding rate. The basis for 
this is the fact that small objects have a high surface area to volume ratio. Spider 
ire rarely over one millimetre in diameter. In Dr. WHARTON’s view, the loss 
from the body by evaporation through the cuticle, results in tissue dehydra- 
which is compensated for by more intensive feeding if the atmospheric 
relative humidity is low. Spider mites take their food in liquid form. On the other 
hand, a high relative humidity would interfere with water loss (and concentration 
of nutrients) and result in lessened feeding activity. ‘Thus in hot, dry weather, the 


reproductive potential would be elevated by the combination of higher physiological 


activity at high temperature (LINKE, 1953) and increased food intake as a result of 
loss 
Since the egg-laying rate is apparently correlated with the feeding rate, experi- 
ments were designed to measure the effects of relative humidity upon feeding as 
expressed by egg-laying, and at the same time observations were made upon 


hatching and survival of nymphs under extremes of relative humidity. 


MATERIALS AND METHODS 

Six species of spider mites were employed in this study : Tetranychus cinna- 
barinus (Bois.), 7. telarius (L.), 7. lobosus Boudreaux, 7. tumidus Banks, T 
desertorum Banks and 7. glovert Banks.* Stock cultures of each species were 
maintained on the cotyledons of cotton seedlings whose roots rested in tap-water. 
lhe experiments were performed at uncontrolled summer laboratory temperatures, 
fluctuating between 75°F and 95°F, during the months of June, July, August, and 
September, and different species were tested at different times. However, the tests 
it high and at low relative humidities for each species were carried on simul- 
tan y. In one test, diapausing females of 7. cinnabarinus were used. ‘These 
had been induced to undergo diapause by rearing them from eggs in a constant 
temperature chamber held at 58°F, in which a controlled photoperiod of 8 hr pet 
lay was established. Diapause was terminated by bringing these females (which 
had not laid eggs) into the laboratory after it was apparent that the mites were in 


diapause as evidenced by inactivity, lack of oviposition and the appearance of an 


orange colour of the body, and allowing them to feed upon cotton plants as 
lescribed below. ‘The reason for using these also in the test was to determine if 
re was a possible correlation between the fact that diapausing females lack 
icular lobes on the skin folds such as are present on summer females (PRITCHARD 


BaKeR, 1952; Boupreaux, 1956) and the assumption that these lobes may 


ized recent n our area. Information in favour of 


tumidus Banks (BAKER and PRITCHARD, 1953) is 
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be a factor in increasing even more the evaporative surface on a fen ale mite, thus 
affecting feeding activity as outlined in the introduction 

For maintaining different degrees of relative humidity over the test animals, 
rearing cells were devised in which silica gel was used to maintain a fluctuating 


relative humidity measured to range downwards from 35 per cent. ‘The silica gel 


was changed every 2 days, and while it was fresh the relative humidity approache d 


zero, but it rose to nearly 35 per cent during the ensuing 2 days. Similar cells 


containing water provided a constant relative humidity measured as ranging from 
95 to 100 per cent 


‘TABLE 1—SUMMARY FI F RELATIVE HUMIDITY 
VARIOUS SPECIES O1 


Relative 


C'inmnabarinus* 
(summer ) 

C'innabarinust 
(diapa 1st 


Telariust, 


l‘est cells were prepared by boring a } in. diameter hole in the centre of a Petri 
dish by means of a steel tube chucked into an electric drill, working in a lump of 
automotive valve-grinding compound. A 1 in. length of rubber tubing was 
slipped halfway into the hole, and formed a seal with the dish. ‘The dish could thus 
hold either silica gel or water \ young cotton plant in the cotvledon stage was 
removed from soil in germination boxes and inserted through the rubber tubing so 


the roots could be immersed in water held in a bottle below a supporting table 
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‘his supporting table consisted of a sheet of 4 in. plywood, bored to pass the stems 


of the plants and supported by short legs. Each dish was covered by a crystallizing 


dish which replaced the Petri dish cover. ‘Thus there was some air leakage into the 
umber through the edge of the dish resting on the table, and through the hole in 


the rubber tubing. ‘This leakage seemed to be negligible for the purposes of the 


experiment (} ig 1) 


B l'anglefo Darrier mm expar 
( Moisture-control substance 
D. Bored Petri dish 
on of supporting plyw 
Rubber tubing 
(,. Cotton seed ing, cotvledon stage 


H I ip-water in bottle below table 


Kach cotyledon was ringed with Tanglefoot, and divided in half by a line of 
l‘anglefoot, so that four confined areas were available per plant. On each such 
area was placed a female mite in the deutonymph stage. When these moulted into 
the imago, they were observed daily, during which eggs were counted and observa- 
tions made upon egg-hatching and survival of the offspring. Some recently- 
emerged females were lost in the Tanglefoot before laying began, and were 
immediately replaced with deutonymphs. Others which were entangled later were 
not used in computing egg-laying data, but the eggs and young were kept under 
observation. In experiments with 7°. cinnabarinus eggs were removed daily as they 


were counted. In other experiments the larvae were allowed to develop until they 
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matured. Some were lost by becoming entangled in the barrier, and were not used 
in computing “per cent dead nymphs” as shown in Table 1. 

\ second type of experiment was performed to test the concept that the cuticle 
of mites is easily permeable to water. Fifteen teneral summer females of 7. telarius 
were confined in a small shell vial loosely plugged with cotton and the preparation 
was placed in a covered dish containing water. Another group of 15 teneral 
females was confined in a similar vial and the preparation was placed in a covered 
dish containing activated silica gel. ‘These 2 preparations simulated the oviposition 
test conditions. The mites were examined daily until all were dead 

In a third type of experiment an attempt was made to determine if mites living 
in a dry atmosphere accumulated more solids in their bodies than would mites 
living in a moist atmosphere. Six cotton seedlings were prepared in such a way 
that mites could move freely from one cotyledon to the other, or from the upper 
surface to the lower surface. Each plant was wrapped with cotton at the point 
where it passed through the rubber tube (Fig. 1). Just above this the stem was 
ringed with ‘Tanglefoot. Forty teneral summer females of T. telarius were placed 
on each plant. Three plants (120 female mites) were installed in dry chambers as 
previously explained, and the other 3 (120 female mites) were installed in moist 
chambers. ‘The plants in the moist chambers were left undisturbed for 4 days 
Mites on the plants in dry chambers were transferred to new plants after 2 days, 
and fresh silica gel was used to replace the original. On the fourth day, all the mites 
remaining in each series were weighed in a group in a weighing bottle on a laboratory 
balance sensitive to 10 ug. Both groups were dried in an oven at 60°C, and 
weighed again. ‘The loss in weight was converted to per cent moisture. The eggs 
laid by each group were counted at the end of the experiment 


RESULTS 

Che data summarized in Table 1 indicate that conditions of constant high 
relative humidity allow for the production of fewer eggs at a lower rate, and for a 
shorter life-span of egg-laying females than a constant low relative humidity in 
I’. cinnabarinus, T. telarius, T. lobosus, and T. desertorum. ‘The exceptions, T 
tumidus and T. gloveri, are unexplained. ‘The optimum relative humidity for each 
species has not been established, although uncontrolled laboratory atmospheric 
humidity permits successful stock culturing of all species. Where a small cotyledon 
was used for testing 7. tumidus (one of the first of the series of experiments), 
the wet and dry atmosphere s had the same effect, but on the large cotvledons of the 
Empire variety, which are about twice as large as those of Deltapine 15 cotton, the 


gloveri, all the deutonymphs except 


\ 


results were similar to the other species. In 7 
1 failed to transform into adults under the test conditions, and that 1 laid 
18 eggs, none of which hatched. In these experiments in which hatching rate of 
the eggs was noted, the hatchability of the eggs did not seem to be affected differently 


by either moisture condition, except for 7. tumidus tested on Empire cotton 


An important effect of high relative humidity is indicated in the survival of 


hatched young. Significantly larger numbers of young mites died under wet 
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conditions than did under dry conditions. With few exceptions death occurred 
during the first “‘resting’’ stage (protochrysalis) following the larval stage. 

he 15 teneral females confined without food in a dry chamber were all dead 
and shrivelled in 2 days. The 15 females in the moist chamber were all dead in 
6 days, but their bodies did not shrink appreciably after death. 

In the third type of experiment, after 4 days only 41 live females remained on 
the plants in moist chambers. A total of 339 eggs were counted on these 3 
plants. ‘lhe 41 live females weighed 600 ug. After drying, these weighed 130 ug. 
‘he water-loss upon drying amounted to 470 ug or 78-3 per cent. At the same 
time, 80 live females remained on the plants in the dry chambers. A total of 2215 

were counted on these 3 plants. ‘The 80 live females weighed 1460 ug. After 


these weighed 310 ug. The water-loss upon drying amounted to 1150 


78°8 per cent (‘lable 2) 


YVETERMINE BODY MOISTURE CONTENT OF MITES FED 
RELATIVE HUMIDITY FOR 4 DAYS 


DISC l SSI ymN 


Che results of thes« experiments tend to co he hypothesis that high 


ive humidity interferes with feeding of ovipositing mites by preventing loss of 


oisture from the body by evaporation. ‘The cuticular lobes on the folds covering 


body apparently increase the rate of evaporation of body moisture through the 
ised evaporative surface provided, as can be inferred from the behaviour of 
female mites lacking such lobes (emerged diapause females) compared to 
ive summer females possessing the lobes. One defect of this experiment is that 
ent varieties of cotton were used as host plants for comparing diapause with 
liapause females When 7°. tumidus was tested on both varieties of cotton, 
rent results were obtained in each case. It may be that the two varieties of 


dittering mostly in the cotyledon stage by size differences) have different 


ipon relative humidity in the test cells, and that neither extreme of humidity 
nts an optimum condition, particularly for 7. tumidus and T. gloveri. ‘These 
s, incidentally, differ from the other species studied in having cuticular lobes 


re larger and cover more of the body ventrally (all over the entire body 
except the ventral side of the gnathosoma) 


than the other species. Both 
ger than the others except 7°. desertorum, whose cuticular lobes are 


ive ventrally, as in 7. lobosus which is much smaller in body size. The 


species, 7. telarius and 7. cinnabarinus completely lack any ventral 
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cuticular lobes. However, the lobeless diapausing females showed a much greater 
suppression of oviposition by a wet atmosphere than did the active summer 


females bearing cuticular lobes. The lack of lobes on the cuticle of diapausing 


mites may be an important factor in survival by minimizing desiccation during the 


inactive non-feeding period 


Another indication of the high rate of feeding at low humidity was shown in 


~~ 


the appearance of the faeces of the ovipositing mite. Those at low humidity voidec 


black faecal pellets, which shrank very litt upon drying lhe mites under high 
humidity voided many liquid colourless faecal pellets which shrank slowly to whit 


tiny specks upon drying, or the pellets contained only small amounts of the black 


faecal material. Also, females of the dry series which died between observation 
periods were found shrivelled and dry at the next observation period, while dead 
females in the wet series remained plump after death for several days, indicating 
that cuticular evaporation does occur. Another indication of cuticular evaporatior 


is apparent in the results of the second type of experiment, in whicl 


died and dried up more quickly in the dry chamber than in the moi 


Ihe high mortality of larvae during the protochrysalis stage n 


the inability to stor idequate food reserves needed for n oulting 


an atmosphere high in morsturt le result ft these experin 


that water-l I vaporatiol 
favourable utilizatior 
provide for the ing 
of the nutrients. 
odd counterpart 
insects through 
i 


noneyvaew product 


It is not intended t 


to allow mor 





rs that fresh air or purified air circulated in rearing 
is red mite on lemons, may partly be the 
tor food utilization brought about by au 


ct postulated in the present paper 
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SOME METHODS FOR ASSAYING EXTRACTS OF THI 
JUVENILE HORMONE IN INSECTS 


Abstract 





V. B. WIGGLESWORTH 


INJECTION OF EXTRACT INTO RHODNIUS 
s shown by WILLIAMS (1956) that the Cecropia extract injected into the 
ge larvae of Rhodnius a few days after feeding led to a partially 
uch experiments it is difficult to control the dose of the hormone 
iain on to the surface of the animal. Use was therefore 
previously described (WIGGLESWoRTH, 1955) by which 
be introduced without loss by injection through 


; 


fror 10 ul of the extract were injected into fifth-stage 
ifter feeding lhe results were not satisfactory \ few of the 


but these bore no relation 


1 


naracters in some slight degree 
ie introduced 

oil collecting in limited 

he abdomen. Stable emulsions were pre- 


volume of water in the presence of traces ol 


on injection. A tolerably stable emulsion was 


volume of 2 per cent casein in 
ilsion was distributed throughout the 


}ut after some days the oil tended to collect in 
ilsified deposits in different parts of the body cavity. Up to 20 ul of emul- 
of the oily extract, were injected into fifth-stage larvae, 


lavealaned int normal 
aeveiopea into normai 


APPLICATION OF EXTRACTS TO THE BODY SURFACI 


ollowing these negative results attention was concentrated on the entry of 


the surface of the cuticle, for W1iLLiams (1956) had shown 


hormone through 
tive when applied in this way to the Cecropia pupa 


he hormone was effect 
When the oily extract was smeared over the abdomen of fifth-stage larvae of 


Rhodnius the results were again negative and normal adults were usually produced 


But it was observed that in a few of these adults there were small areas of larval 


h took the form of linear streaks (Fig. 1). The hormone extract had 


nicn 
lass pipette the tip of which had not been flamed. ‘These 


been applied from a fine g 
hormone was eftective only where the surface of the 


results suggested that the 
cuticle had been abraded by the tip of the pipette 
Che surface of the cuticle was therefore deliberately abraded before applying 
extract: by cross-hatching with the tip of a finely drawn out glass rod cut 
diamond, by rubbing with fine crystalline alumina (‘‘almicide’’), or by 


with fine carborundum (no. 500) 


treatments proved successful and gave rise to areas of larval cuticle 


vcalized to the abraded regions (] ig 2) \brasion by the same means 


ipplied to a lobe or to the genitalia and then these structures alone 


characters after moulting 


Che use of these methods of abrasion on the tergites of the abdomen did not 


entirely satisfactory because it was difficult to ensure that the abrasion 





TER ABRASION 





one to a restricted area on the surface of the abdomen 

e this is caused to moult by joining in parabiosis with 

t easy to confirm that the adult epidermis can be 

ent to the larval type (WIGGLEsworTH, 1940). ‘There 

in the number of epidermal cells per unit area, the surface of 
of the larva (Fig. 7), and 

yment of smooth plaques 


is added after abrasion 


RHODNIUS FOR ASSAYING EXTRACTS 


made t appiyv different concentrations of the 


. , , 
I I ‘ ] s composed of wax, shellac. celloidin, 


Lise 


proved impossible to exclude with certainty the 


other 


rom one 


tests using corresponding areas in different 


es of 


venient region At 6 days after 
advanced in their preparation 
hormone, the insect (the fifth- 
icross the thorax, and the hind 
sion of fine crystalline alumina 
air brush, and is allowed to dry 
hormone is then added from a 


sect released into a in. vial containing a strip of filtet 


: : ose 
can rest Vioulting takes plac ibout 14 days later at 27°¢ 
ces in the cuticle of the resulting ult 


dissecting microscope. But 


domen are dissected off, fixed 1 
U-soU an li 5 min to remove the red 


epiderm: lls, and then mounted in Canada 


le can be well stan 

is influenced also by the 
amount of undige sted 
depends on the size 


his variability 


of oily 

mediun 

ractions fatty acids greatly 
cours¢ vf the present work 


neutrai fats 








hy 


bea 
rte 


DA 


MT 





METHODS FOR ASSAYIN 


ligures 8-11 show the results of a comparison of an ethanol extract 
Cecropia abdomens (termed JH,) and the same extract diluted to 
with olive oil. At each concentration 4 insects were used. There 1 


vidual variation but no ove rlap at all between the 4 g1 


rouns 
i} 
JH, at full strength (Fig. 8) produced fourth tergites of comple 


type both in the character of the cuticle and the pigmentation patter! 


JH, diluted to | strength (Fig. 9) gi cuticle of chiefly 
were some small patches of adult cuticle, notably r 
pigment spots his was evidenced by the appearance 


line’ along which the lult cuticle bends. Much of the 


cuticle had a mottled apy due to the failure to 


in the epicuticle. (It is noteworthy that where patches of 


enclosed in adult cuticle the grey cuticle the larva with its st 


always surrounded by a ring of colourless stellate cuticle before 


cuticle of adult type with its linear folds begins (Fig. 12).) That mu 


more juvenile hormone is required to produce the fully pigmented 


larval type than is needed to produce the characteristic 


JH, diluted to 4 strength (Fig. 10) gave rise to 


hardly any darker than the normal adult segments 


were of adult type ; tl hinge line had formed 
finely mottled, due to the patchy distribution of 


pigmented larval cuticle, 
(Fig. 13) 


JH, diluted to ai Fig 


11) produced 


dissecting microscope appeared of normal 


there were just detectable differences: more bristles 
sockets without bristles were present; and in some are 
tended very slightly towards the larval type (Fig. 14) is represents about the 
lowest concentration of juvenile hormone detectable by 
It was of interest to apply this method to compare 
mone in two extracts ared by Professor Williams 
moths JH, extracted wit! anol, and JH, exti 
L we ips \t | dilution JH, had ich t! same ettect 
average was definitely weaker 


olive oil to 4 and 


JH, gave very definitely weaker effects than ]H 
JH,, but the larval ps \ fewer and small 
that ethanol gives the hig! 
came from the same batcl 
Ihe roregoing results 
detected by this method 
wise showed these 
without any difhculty 
Ihe effect of fatty 


| 


strated by comparing 





mixture with oleic acid pro 


oncentration the 


most evid with the a; dilutions 


S ¢ isily recognized 
, , 
lhe hormone is 


ais painte a 





americana 


Results 





ASSAY 


OTHER TEST INSECTS USED FOR 
larva of Rhodnius has proved a very satisfactory test animal 


27°C it requires 14-15 days between the application 
results. A number of other insects readily 


1e attempt to devise a 


examined 1 more 


lonella (Wax moth). Juvenile hormone applied to the surface 


supa of Galleria failed to produce any effect except in one very 


Abrasion of tl ing before application of the extract 


When minute punctures were made through droplets 
dorsum of the abdomen of the pupa tiny patches 
recognizable only by 


pa 


these were 


cabbage butterfly). Applications of juvenile hor- 


before they suspended themselves for pupa 


i 


ilting Similar applications after painting a 
Applications to intact 


vere equally inettective 


1 in distilled water would not spread on the pupal 


yowders suspended 
l'eepol were therefore added 


of process white, crystalline 


agent Pupae less 


Suspensions 
1 to the pupal wing of the right side, 


carborundum 500 were applied 
and juvenile hormone extract added. ‘The adult butter- 
\ll showed reduction in the size of the wing and paler 


1 for the tests 


were ised 


scales were less regularly 
9 


ited side (Fig 28 Ihe 


i than on the normal side (Figs 


S well ‘velopec 
\s a test this is not nearly so 


| | 
olive oil were normal 


fasciatus milkweed bug Fifth-stage larvae of 
moulting, were narcotized by exposure to 
f crystalline alumina containing a little 


leepol’ the right wing lobe and to the upper 
allowed to dry, and the extracts of 


segments, 
at 27°C and moulted 


Che insects were kept 


] 


crumpled and patches of larval cuticle 


effects were related to the 


cut as in Rhodmius, not 


treated wings were slightly 


the treated are: tf the abdomen 


yf the extract Vv were not ar 


to handl 


insects so convenient 
Recently moulted pupae of Tenebrio were 


Tenebrio molitor (Mealworm) 
plication of alumina suspensions, and juvenile hormone extracts 


re severel crumpled lhe effects on the abdominal sternites 


by the al 


variable they were largelv influenced by the age of the 











METHODS FOR ASSAYING EXTRACT oO} VEN E HORMONI 


Minute droplets of the extract were therefore applied to the abdominal 


nites and the integument punctured with a fine needle through the oil. At 


moulting occurred 6 days later. All developed a small white spot of pupal cuticle. 
| } 


often bearing the characteristi pupal bristles, set in the deep brown cuticle of 
the adult; whereas controls punctured through droplets of olive oil showed scars 
of the same deep brown cuticle as elsewhere with no trace of a white spot 
31-33) 

[It is possible to obtain comparative results by this method. Pupae abou 
24 hr old are used; if they are too young the oil tends to spread over the 
hey are placed in a Buchner funnel under the dissecting microsc 
narcotized by the passage of carbon dioxide through the funnel 
(WiLuiaMs, 1945). (If they are punctured without being narcotized 
the fat body are apt to protrude through the wound.) Droplets of 
extracts are applied to the sternites which are then punctured as descril 
or three punctures can be made on each side of the abdomen a1 
dilutions of the hormone extract applied on the two sides, or differ 
may be used for each dilution 

he results are scored as follows (a large white area) 
intermediate white area) 3: (a small white area) 2: (a brow 
extremely minute white point in it) | (an entirely brown sca1 
result of an experiment in which three punctures were made on 
the abdomen is given in ‘Table 1. JH, and JH, diluted to } were 


the two sides of the same pupae 


Table 1 formed part of an experiment in which 4 dilutions of th 


compared; the whole results were as follows 


JH, : 7-8; JH, diluted to 4}: 45 
JH, ; JH, diluted to 4 : 2-0 
JH - TH, diluted to gy : 0-8 
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another experiment 4 punctures were made in each pupa and only one 


ion applied to each insect. Eight pupae were used for each concentration. 


] 1 
results were as follows 


score 
score 
Score 


score 


considerable individual variation in the effect of single punctures 


same extract. But the method is simple and rapid; it gives results in 


id these results are surprisingly consistent when averaged over a number 


DISCUSSION AND CONCLUSIONS 
11 


be ensured that all the juvenile hormone injected into an insect 


growing tissues it would be easy to devise a 
1 direct measure of the relative quantity of 


as not proved possible 


ibed provide only a comparative measure of concen- 


other factors being constant, the rate of diffusion of 


cuticle will be p 


+ 


roportional to its concentration in the 
are other variables to be considered 


hormone does not penetrate readily through the intact cuticle, 


are necessary. When abrasion is effected by allowing a 


ilumina to dry on the surface, this factor can be fairly 


second variable is the thickness the endocuticle, which can be 


j 


selecting insects of a uniform 


d variable is the nature of the solvent for 


I 


the hormone. ‘This 
extracts fron litte rent insects are being compared ; 


n serial dilutior f ve active extracts are being 


+ + 


il test insects found so far are the fifth-stage larva of Rhodnius 


le neby Me 


iform results is that on the genitalia of female 


lear-cut positive reaction with the Cecropia 


Since this is applied at 1 day after feeding, 
ybtain the results 


is the test on the abdominal tergites of Rhodnius 


6 days after feeding and thus gives results in 14—15 





METHODS FOR ASSAYING EXTRACTS OF JUVENILE HORMONE 


he test on the pupa of Tenebrio depends on the centrifugal diffusion of th 
hormone from a minute puncture in the integument (p. 80) 


accurate as the tests on Rhodnius this test gives results 
| 


lhe study of these active extracts has vielded little new 


about the action of the juvenile hormone. It has been confirmed that the 


acts directly upon the epidermis, giving sharply localized effects 


concentrations produce characters intermediate between la 


(WIGGLEsworTH, 1934). By applying the hormone at progres 


in the moulting process it has been confirmed that di 


cuticular pattern and different faculties of a gi 


some extent independently of one another (WIGGLEs 


the hormone to moulti ig adults it has been confirmed 


; 


after metamorphosis are still capable of laying down cuticl 
so-called reversal of metamorphosis (WiIGGLESWORTH, 1940 
lhe high concentration of juvenile hormone 


Cecropia moth remains at the moment something 


ployed it has been possible to demonstrate the 
ile Periplaneta, in Dixippus \arvae, Pieris larvae, and in moulti 


] ] J j 
idult males of Rhodnius. In Peritplaneta and in Dixippus the concentrat 


eTl 
hh 


oily extract seems to be less than 4, of that in the Cect la extr: 
of Pieris, which were in process of moulting, the concentration was a 
ind in the Rhodnius 


juvenile hormone 





prout rus 


Rhodnius 


pus allatum of 


l ni- 


Cambridgs 


, Vetamorpho 


vrowtl and moulting 
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EFFECT OF AMINO ACIDS ON FEEDING BEHAVIOUR OJ] 
THE EUROPEAN CORN BORER, PYRAUSTA NUBILALIS 
(HUBN.)* 


Abstract 


INTRODUCTION 





M Hane 


yrrompted by a number of considerations to undertake a 


imino acids on the feeding behaviour of newly hatched 


n corn borer. One of the major considerations was 


content of the leaves and tassel of the corn plant 
I 


Another consideration was that 


1956a) which was of greater sensitivity than 


an experimental 


i0ld method [his procedure was shown to 


of feeding duration, and thus to yield quantita 


seCK, 1956b 1 also been found that 


asein) in purified experimental diets had a significant 
f borer feeding (BECK 1956a), suggesting the possible 
ind 1! feedit y | ni wur 


VIETHODS AND MATERIALS 


' , 
tT | mpioved to meas 


1 in previous work 

of a multiple choice 

ie were confronted 

In most of the « xperime nts the 


control diet ontalit 


ition of 


24 hr. counts 


know! concentr: 


borers’ physical feeding requirements, 


1-fibrous media. ‘The water content was 


chemical feeding requirements, as the larvae are 





CHAUVIN, 1952: Dt 


Highly purified “vi 


lcohol extraction to whi 


Lid h extraction 3] 


by 4 feeding stations 
Control diets were 


mental diets at the e' 


the blackhead stags 


1¢ trom aping ight replicate d 


experiments were repeated from 3 to 6 
lishes were placed in a dark incubator at 30 


' 


time the number of larvae at each feeding station was 1 
made of larvae not on feeding stations. When identical 


8 feeding stations, the larval distribution among the stations was 


indicating that no ‘“‘gangine’’ or “flv factor’’ 


1953; Dernier, 1955) was operative 
\ detailed study of the nature of the re pons 
technique described above was previously reported (Bect 


that the larval distribution among the feeding stations 


eggs hatched. ‘The random distribution became not 


an equilibrium distribution was reached within 12 | 





Beck AND WILLIAM HANE¢ 


stations at the end of the 24 hr experimental period constituted 
ire of the distribution equilibrium attained With different diets, 


lations reached different equilibria according to the relative effects 


the duration of feeding 
iment in which 25 per cent of the larvae were found 


t 
I 


1d 


75 per cent were found on an experimental diet could be 
iS a positive respons¢ of 75 pel cent or as a distribution ratio of 
ta given below are expressed as distribution ratios (DR) 


in terms of either per cent or DR values represent measurements 
ition distributions and are not, in any sense, estimates of the proportion 
which were responsive to the test substance When a DR ot 


ied, the results were taken as meaning that feeding duration was 


m the control diet as on the experimental diet, and that, therefore, the 


j 


ince included in 


the experimental diet had no measurable effect on the 


behaviour \ DR value of significantly less than 1-00 indicated 


shorter on the experimental diet than on the control 


considered a negative response 
e experiments were in the form of counts of the 
Because the total number 


lata obtained 1n } 


control and experimental diets 
aried among the replicates, the counts were calculated to pet 
alues were subjected to an arc sine transformation before 
Rk, 1946). Distribution ratios were calculated from the 


al repli ates 


RESULTS 
detailed st of the effects of amino acids on the 


of borer larvae, a survey was run in which over 20 amino acids 


nfluence on borer feeding. ‘The compounds were first tested 


oncentration of 0-020 M. For this series, the diets were buttered at 
, 
‘) 


i 


te ‘his Was an unnecessary precaution for most 
} 


0-05 M phospha 

1 but was needed where the 
1 1 &S 

I'he results (‘Table 2) disclosed that many 


imino acid tested was dibasic (1.e 


etfects on the borers’ feeding behaviour. Most 


response had a positive effect on larval 


r 
values significantly greater than 1-00 


-trvptophane exerted a negative ettect With a 


was tested at 0-005 M. At this 


amino 
ssarvy to buffer the media, as none of the acids 
Viany of the amino acids which evoked a feeding 


1 detectable effect at the 0-005 molar 


iting that the response thresholds lay at concentrations below 


ve 0-005 NVI 
e, L-alanine, DL-x-amino-n- 


at 0-005 M did not differ significantly 
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from those obtained at 0-020 M. ‘This failure of response to change with cor 


centration was unexpected, and was investigated further. The relationship between 


larval distribution and amino acid concentration is shown in Fig. 1 for 


‘TABLE 2—EFFECT OF DIFFERENT AMINO ACIDS ON 
EUROPEAN CORN BORER LARVAE, EXPRI 


0M 


Glycine my 
L-Alanine 
pL-x-Amino-n-butyri« 

pL-Norvaline 

DI -Norle ucinge 


x-Amino tsobutyric acid 


L-Leucine 
L-oeringe 
L- Threonine 
L-C ysteinse 
L-Metl mnine 
L-Cystine 
L-Phenylalanine 
L-'| vrosine 
L-Glutamic acid 
L-Aspartic acid 
L-Proline 
L- Tryptophan 
L-Histidine 
rgininge 
L-Lysine-HCl 
L-Glutamine 
pL-Asparagine 


Distr 


L-serine, and glycine. Larval distribution in ‘r cent 
centration from the threshold value, maximum concentratior iving a random 


(50 per cent) larval distribution, to a concentration evoking an optimum 


response of a larval distribution of about 70 per cent (DR of about 2°33 Further 


; 
; 


increases in concentration did not significantly increase the response obtained 
\ similar response plateau was found to be the case with L-threonine 

amino-n-butyric acid. ‘The estimated response thresholds, slopes of the regression 
of response on log concentration, and the minimum concentration producing an 
optimum response are shown in Table 3. For comparison, comparable data for 


p-glucose are also given in Fig. 1 and Table 3. Response to glucose differed from 
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the response to amino acids in that no plateau effect was found over the concen- 


tration range tested. Although the thresholds tend to be higher, borer feeding 


behaviour was much more sensitive to glucose concentration than to amino acid 
oncentration, ; iden 1 by the differences in the » of the response 


regressions 


AMINO ACIDS AND GLUCOSE ON 


rHE EUROPEAN CORN BORER 


\linimum concentration 
for optimum response 


(M) 


0-010 
0-005 
0-004 
0 O04 


s response to the dietary adjuvants 

gle criterion: namely, the effect of the 

centage distribution of a population of larvae, and thus, 
duration of larval feeding. Since sugars and several 


had the eff of increasing the duration of feeding, the question arose 
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acids was behaviourally a1 


as to whether the response 
identical to the response to i n i effort to determine the 
between the responses to the two compounds, a numbet 
experiments were run 


Che effects of a number of amino acids on the borers’ 
shown in ‘Table 4. ‘The experiments were of the 
one diet containing a low level glucose (0-003 M 
of glucose (0-009 M 
in glucose concentration 


about 2-00 An estimate o 


response to glucose was made by adding 


to both the 0-003 M and 0-009 M elucose diets 


amino acid were the tron the standpoint 


brou rht 


distribution 


centration difterence 


OO0 \I 


14 Q 
of O-O10 NVI 


‘sponse Chis phenom 

DR val ies evokes 

by the presence or concentration of the amino ac! 
ie eftect of glucose concentration on the 


also determined (Tabl 5 hese ex] 
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to those discussed 


Distribution ratios were calculated from the number of 


larvae feeding on a diet containing 0-005 M amino acid in preference to the control 


no added amino acid Both diets contained the same level of glucose, 


ON THE RESPONSE OF EUROPEAN 
ARY AMINO ACIDS 


Resp: nse to amine 


concentration 


» acids at im 


0-003 NI 009 NI 


DR 


DR 


ver 0-003 or 0-009 M 


As shown inh l ‘able 5, the dietary 
did 1 


con 
lave any significant effect on the DR values evoked 


glucose ( 


OF EUROPEAN CORN BORER LARVAI 


Distribution 


ratio (DR)* 


VI) 
(Hy 
(Hoy 


(Mp4 


\dditional experiments were run with | 


serine and glucose 
| summarized in Table 6. ‘The response to L-serine 
way modified by or dependent upon the presence or concentration of 
in the diet (experiments b, c, and d). The responses to serine and glucose 
however, as summation effects were obtained (experiments b, e, f, 


ults were obtained in comparable experiments employing 
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glycine, L-alanine, L-threonine, ; DL-x-amino-n-butvri 


are indicative ot separat sense receptors being stimulated 


compounds, A more precise anatomical separation of sugar 
chemoreceptors has been demonstrated by Dernier (1955 
(1955) 

Experiments were undertaken to determine 
acids also have independent effec on borer I 
large number of amino 
of both time an 


amino acid an 


borer larvae showed a stror OsItive respo! 
y 


s¢ 
! 


prope rive 


pounds w 





| ACK 
somers were Use d 


Omparisons were 


results 
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mixtures were also eliminated. ‘The remaining com- 
related amino acids to which borer 


ympounds and racemik 


nds formed a series of twelve closely 
It was found that the DR values were negatively 


nse data had been obtained 
\ significant 


respo 
correlated with molecular weight to a highly significant degree. 
correlation between DR and water solubility was also found. A highly 
found between the molecular weight and 


itive 
ant negative correlation was 
lubility of the amino acids. ‘The most logical interpretation would seem 


SO! 


be that the effect of amino acids on borer feeding behaviour was dependent, in 


yn colligative properties associated with molecular size. ‘The correlations 


ere detected between DR values and either molecular weight or solubility 
destroved when 4-alanine and the D isomers were included in the series 
a more complete series of related compounds is tested, no definite con- 


an be reached concerning the relationships between molecular properties 


al effects on feeding behaviour 


REFERENCES 


rausta 
Imer. 49 


imsect 





AMINO ACID METABOLISM, POLYPHENOL PRODI CTION 
AND THE PROCESS OF TANNING IN THE C YCKROACH 
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Abstract— ‘ 


INTRODUCTION 


metrtapoiisi yf 


1 
questio! The TY 


hianeta americana 


MATERIALS AND 


} «+ 0 ( wna Sp 
latz ind l 


TC 
| { ] | | | j 
otvsates OF CU | it the newly mouites 
were eXal ined chron itographically 
"1 
no acid composition lik¢ that of 





98 H. KENNAUGH 


preparing cuticles for analysis, tergites from insects at various stages were scraped 
free of adhering tissues and hydrolysed in 6N HCl for 24 hr. The hydrolysate was 


evaporated to dryness under reduced pressure and the residual amino acids were 
taken up in distilled water. After filtering, the solution was again evaporated to 
dryness on a water bath and the residue taken up in 1 ml of 10 per cent tso-propy! 

[his solution was examined chromatographically 
Solvents found useful were: butanol—acetic acid—water (40: 10:50) and 
aqueous phenol for two-dimensional chromatography of amino acids. For the 
separation of argi » histidine, and lysine, acetone/water (60 : 40) followed by 
butanol—acetic acid—water was used. A good separation of phenols was achieved 
g butanol—acetic acid—water (40 : 10:50), benzene—acetic acid—water 

10), and meta-cresol saturated with water 

[he location of amino acids was demonstrated by spraying the paper with 
| per cent ninhydrin in butanol and their identification rested on comparison with 
iuthentic samples Phenols were identified by comparison with authentic 
where possible and also by the use of several spot tests including 
ferric chloride, Folin and Ciocalteau’s reagent, and 
Fluorescence under the ultra-violet lamp of some phenols 


be a simple method of location 


CHANGES IN AMINO ACID COMPOSITION OF THE DEVELOPING CUTICLI 
he following ami acids were identified in acid hydrolysates of cuticles in 

ull stages of development: alanine, arginine, aspartic acid, glucosamine, glutamix 
cid, glycine, histidine, leucine, lysine, proline, serine, threonine, valine, and an 
identified spot which occupied a position almost the same as that of threonine. 
his latter spot gave a positive reaction with Pauly’s reagent indicating an imidazole 
ot is absorbed on to charcoal 


ra phenolic compound. ‘The substance giving this sj 
eactivated with aric acid and elu y aqueous phenol; it is therefore aromatic 
ultra-violet light, and it does not give 
h Folin and au’s rei t or ferric chloride, indicating that it 
not phenoli butanol—a¢ acid—water it has an R, value of 0-22 and in 
1eous phenol is substance was present in apparently constant 
concentrations throug] the period of cuticle development and does not seem 

active part in this process, its presence is merely reported here 
hydrolysis with barium hydroxide was used in the hope of demon- 
he presence of tryptophan. This amino acid, however, was not easily 
l‘ests applied directly to the cuticle showed this substance 

of development studied 
lucosamine resulting from the hydrolysis of chitin was recognized in acid 
it not, of course, in alkaline preparations since alkaline hydrolysis 
ult in the production of this substance 

t from those amino acids which are present at all stages of development 
are present or absent in varying concentrations at different stages. ‘hese 


ire G-alanine, ortho-tyrosine, para-tyrosine, and phenylalanine 
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from ‘lable 1 it is seen that ortho-tyrosine is abundant in the 


i 


condition and after this is present in all quantities 
phenylalanine only at 2 hr is in accordance with the evidence 
metabolized by the cuticle and converted to another compound 


aspartic acid and 6-alan1 interesting, ; as suggested by 


ABLI 


, , , , 
these two substances may appear in the cuticle as a result of deaminatior processes 


Aspartic acid is present at all stages examined but 6-alanine appears or 
2 hr and increases to a maximum at 5 hr after which it is constant. As already 


stated, tryptophan w: t readily demonstrated chromatographically 


alkaline hydrolysis, but the <ins—Cole—Adamkiewicz aldehyde test(Co Le, 1 


} Qs ’ 

the Hopkins—Cole glyoxylic acid test (HAWK eft a/., 1954), and the bromine w 

test for free tryptophan showed that both free and combined tryptophan 

present in th ticl ly hr after moulting. After this time, however, the 
, 


natural colour h iticle interfe1 vith tl lours given by the tryptophan 


reactions and n 


TANNED PROTEIN 


Later howevel! brov 
spite of the fact that this m: 
a protein, 
recovered from ; hydrolysis of tl brown 
obtained by ; hydrolysis puparia excep 
lysine | in ri yhet lani a | para-tyrosin 
t is extr: 
still present in 


When cutk 


reaction was extracted in 


‘his gave no reaction 
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the ‘ 


11 
Ti) 


ibsence of phenolic substances, and was negative to ninhydrin. 


y hardened and tanned cuticle already mentioned (page 98), differing only in 
complete absence of 


On acid 
hydrolysis it yielded an amino acid picture very similar to that obtained from the 


VS I 


aromatic amino acids 
10 further protein was removed 


I 


After continuous extraction for 


ntr 


this relatively brief period of extraction 
ed for the complete removal of the ninhydrin negative protein is in strong 
ist to the long period 3 


KM) 
im of Calliphora. 


of 3 months required for its removal from the cast 
olour ot the 


material extracted and the fact that there are no free amino 

by a negative ninhydrin reaction suggests that the protein is 
lifference between the amino acid composition of this extractable 
composition of th 


e fully hardened cockroach cuticle suggests that 
resent in the cuticle. It is possible that the protein present 
e cockroach is different from that which is late 
resent in the blowfly Che present information 
ed study ot 


the proteins them 
necessary 


1S 


before any 


the 


porated t 


0 
i 


ropvl alc 
ents found most 


is 
10 50), benzene 





AMINO ACID METABOLISM ET( IN THE COCKROACH 


under ultra-violet light followed by spraying with ninhydrin or ammot 
nitrate. It was found that in addition to the phenvlalanine 


three other spots positive to ninhydrin and two which reduced sil 
| | 


present ‘wo of the spots positive to ninhydrin were identified a 


aspartic acid. ‘The third ninhydrin positive spot corresponded in positi 


of the silver reducing spots and was presumed to be one of the « 


| 
alanines. ‘The second reducing spot was d to hydroquinone 


recovered when cuticles were incubated with water alone. 


substances mentioned above were derived from phenvlalanine 
of anide or phenylthiourea metabolism was not 


metabolism was not due to the oxidase in the epicutick 


lhe metabolic activity the cuticle was studied further by 


aromatic substances as substrates The R, values and identities of s 


more obvious prod icts of these incubations with Para-tyrosine 2 


phenylalanine (dopa), protocatechuic acid, 


‘TABLE 2—HyYDROXYLATED 


iroxyanthranilic acid 
droxvanthranili 


if < 


Wuinone, kynurenine, 3-oxvkynurenine, and 


with authentic samples. ‘The spots at R 


thranilic acids by con 





le-amination of 3-4 dopa whether it is 


he blood or formed in the cuticle by hydroxylation (DENNELL, 1958) 


he foregoing experiments show that the cuticles of the cockroach and of 


ic of Calliphora both possess a non-specific hydroxylating svstem capable of 
ing hydroquinone DENNELL (1958c) has given strong evidence that 
to the quinone th ; the puparium of Calliphora. It 


r whether h juInone 1S the ta 


THE ORIGIN AND IDENTITY OF THE TANNING PHENOI 


Although it now seems generally accept that the o-quinone which is 
derived from protocatechu! cid o attempt 
} 


ite; ic acid Nas been accepted 
} 1 

nara insect 

1948) 

] } 

easily oxidized 

be taket 

ymmbine wit 

O)bservatior S 


' 


reported 


i ‘ 1 
ivacroxviati 


bstances hydroquinone, pyro 
inner. On the other 
[hese observations 
ttocatechuic acid 
polyphenol oxidas« 
VIASON 
| oxidase to the 


hydroquinone to give 


LO5R« treated 

Stannite 

iggested 

groups ot the diphenol 
those combined with the 
gelatin tanned with 
juInOne wer°re 


pupariun 





ra 


oxidation 


In al 
1ti¢ le ~ 


xtracted 
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levelopment proceeds do not precisely correspond. For instance aspartic acid is 


constant in concentration from the newly moulted stage to the fully hardened 











B- ALANINE 





Periplaneta 


fron 


1 Calliphora it appears for a short time, disappears, and then 
1 day puparium stage. Ortho-tyrosine is found throughout 
lopment in the cockroach, while in the maggot ortho-tyrosine is present for 


a short time and then is not found again 
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hese differences may perhaps be related to di 


tlerences 
events which are seen in the preparation of the two cuticl 
DENNELL and MALek (1955b) showed that the soft « 

first impregnated with a sterol and then with a protein 

apparently involving aromatic bonding takes place 

complex is formed hese « hanges result 

staining with Mallory’s triple stain. I 

1946, 1947: Causer, 1953 : and DENNELI 

difterent he impregnating protein passes into the cuticle some 


puparium formation, but it does not | 


LIne 


} } 


stain. ‘lhe sterol passes into the cuticle only immediately before 
traction (DENNELL, 1958c). Both the differences in amino 
the developing cuticles and these histological and histochemical 
well be related to the fact that in the cockroach hardening of the cuticle 
place at the beginning of the instar whereas in fly larvae puparium formation 
the end of an instar. These thoughts lead to a consideratior 

hydroxylated products formed 
DENNELL (1958b) 


produced during the 


behaved as an inhibit 

dihydroxyphenols and 

oxidation of the phe 

In marked contrast to 

In experiments on the artificial tanning of 

no inhibitory effect. Clearly in the light of our 1 

ditferences are not readily explained but would seem to be related 
no delay in tanning takes place in the cockroacl 

the harder 


‘ ‘7 J | ] 
cockroach and Calliphora have been carried out on cuticles which 


It is important to emphasize that these studies of 


become red staining with Mallorv’s triple 


before 


r 


takes 


7; 


appeal 
I 


to contain melanin. ‘The colour of cockroach cuticles does not sugg that melanin 


is present, and DENNELL and MAateKk (1954) remark that imn 
cockroach cuticles in ethylene chlorhydrin, a solvent said to dissolve 


Lea, 1945: MiLtor and Jacosson, 195 


2). resulted in no chat 
17 ; ; ; ‘ 
Provisionally, ! ' t is assumed that melanin 1s absent fron 


the cockroacl views of DENNELI L958d) ar 


fact that cockroach blood darkens very little on exposure 


' 1 | 1 | 1 

ittle tyrosinase activity takes place, m: e related to thi 
, 

r 


Vloreover, the incubati experimen with cockroach 


; v1 


page 100 seem t icate the presence of ; amin: a condi 


clude the formation of melanin, since the presence of the amino group is 
i! this process 


Summing up, the ' al be fundamentally t 


ne same 


the cockroach and Calliphora n a li in complex is tanned 


, 


benzoquinone In both tl 1 is % xidation | 
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hydroquinone which arises from the hydroxylation of phenylalanine. Puparium 
formation in cyclorrhaphous diptera must be regarded as a developmental 


from that of an exopterygote insect. 


he PI ilip Buckk Re search 


problem and for his con 
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Abstract 


INTRODI PION 
inted out that tl acetvicholine content of nerve 
rable range. ‘his observation 
For example 


oO 0 ug/e for the isolated 
| 


DER (1948) reported a value 


to determine the 
stem he present 
Pe [ aneta 1 \ | iCclé wl ich have 


ACh cont 


IS AND MATERIAI 
hout the inve tigatior as there was less adipose 


re reared at 28°C and a relative 


f dog biscuits (Purina 


cord combined), or any 


slit dorsally with scissors 
itriculi removed. Muscle 


it to expose the thoraci 





cord. ‘The ventral cord was removed by lifting it at the cercal 


it free to the neck. Care was taken to avoid stretching o1 


easily removed within 3 min 


grains were obtained by decapitating roaches, re 
head, and dissecting the brain and suboesophageal 
rpus cardiacum were d 


he corpus allatum and cx ry 


a2 
Extraction of acetylcholine from nerve tiss 


‘he method followed was that of LEewis 


minor alterations. Nerve tissue was blotted g« 


a Roller-Smith micro-torsion balance 
in 5 ml of boiling acid frog Ringer 

NaHCO, 0-2 g/l.) pH 3-9, bicarbonate b 

and a drop of 0-3N H¢ 


was extended to 1 mir 


alkalinity of the heads 
On cooling, 0-4 ml of 10 per « 


homogenized in a 10 ml Potter: 


; 


was adade 


hmomovgen»nizel 


t AID o he su 


ror 3 min at ernatant 


, 
i drop by 


genate and washings were centrifuged I v 
was decanted and brought to pH 6-0 with 0-3N NaOH which was addex 
stirred vigorously with a stirrer. Where 


i 


Supernatant being magnetic 
amount ot tissue } 


was used 


supernatants con 
( led u 


h0O-3N NaOH. This 


to 10 ml with 


; , : ' 
strov ti , then cooled, and 


, Was 


of O-3N NaOH 
NaOH 


tuted which 
the u 

rr 

removy 
nerve tissu¢ 


meter was 











ACh contents of roach head (15-6 ug g) and brain 


e difficulty of interpreting ACh content on the basis of 


ly for comparative purposes Chis difficulty was recognized 


ho suggested that chitin might make up a high 


of roach head weight to brain 

tissu¢ make up a large 
herefore correct. A comparison 
found that the weight of 


ratio The ACI 


pasis 


DDT on the ACh 

1 that the temp< ture 
ACh 

atized 

ted at 


cords obtained trom 

a significantly higher 

ly higher than those 

1uch more active than at 
higher value of ACh reflected 
ch required more ACh for 


nlibrium between 





purpose 


in roac 





ughest ACh content. 
he fibres of the 


areas supports 


; 


0! the pharma O1logi« al 


EDER and WEIANT, 1950). to inte 


in anomaly | comparison with 


] | | 
l 1 the normal! 
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Abstract 











cal activity of the isolated ventral cord in the presence of 10-* M 
Ihe activity was much increased over the activity of the normal 


is an increase in the total ACh content of 


these cords, 
lation between activity and ACh level, 


COTT¢ 


an indication 
y= 


the association of a much higher ACh content with 
en stimulated electrically (Fig. 1 


increased 


c)). The results shown in ‘lable | 
vy betwee! experiments, but the trend 


is significant No attempt 


degree of spontaneous activity 


IN-SMITH (1937) and by ROEDER 


a volley of impulses from 
Ld 


abdom 


nal ganglion and impulses 


In the intact insect a brief pufl ot 


d as described 1n the 


ineserinized 
in total 

content 1s 

reparation; the difference 1s 
lated. An oscilloscope record 


ur puff is show 


s trom a group consisting 
10ot known which of these fibres contri 


thoraci ganglion It can only be 











said that ex itation 


| he lox ation 
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lic response by an anti-cholinesterase does not prevent the release 

ic fibres (FELDBERG and VARTIANEN, 1935). It would be 

1 accumulate in the ganglion. As no difference in ACh 

between normal or eserinized stimulated ganglia, the result indicated 
t accumulate. It is conceivable that the amount of ACh needed 
ismission in the sixth abdominal ganglion ts so minute that it is 


ditferentiate between levels Again ACh may have diffused out 


the perfusion fluid, but this is improbable, as will be seen 


abdominal ganglia. A micro- 
a micrometer syringe, 


itions of 10 M to 10-° M 


ypette into the 


ett 





while those eserinized Vi contained onh 


content of the eseriniz ‘ ibove nor 
i i ‘ > « >, nor 


ACh 

















UDIES ON THE PROTEIN METABOLISM OF 
CULEX PIPIENS L.—Il 
\PIVE DIFFERENCES IN FREE AMINO ACIDS BETWEEN 


AND FEMALE ADULT MOSOUITOES* 


S. CHEN 





when 


ibstance 


| 


lestional 





P , ( HEN 


rated with a 5 per cent sucrose solution. ‘he females usually 
emervence 


r the sexes of the specimens were examined and males and 


l'welve mosquitoes were put into a small glass tube, thoroughly 


ales separated 
ith lass rod, and extracted in 80 per cent methanol. After centrifuging, 


i vic 
methanol extract was transferred to a Whatman filter paper (24 46 cm) 
two-dimensional chromatography he sheet was first run in 70 per cent 
ascending direction and afterwards in water-saturated phenol 


} 


he identification of spots and the estimation 


descending direction. For t 


concentration, the methods described by HADORN and STUMM 


CHEN and Haporn (1954) were used. Procedures for 


tests will be described in the following section where 
presented 
RESULTS 
ves from both sexes aged ca. 24 hr after eme rvence 
ositive compounds have been identified: «-alanine 
cystine, glutamic acid, glutamine, glycine, 


ine lysine, methionine sulphoxide, proline 
_ valine, ; d 2 peptides (Fig 1) [he chromate 


luri h pI! ; OF ageing ne extracts ol 


ce of threonine, tvrosine, 














be methionine which was first 


then to methionine sulphone Chis point 


in 70 per cent m-propanol. In this solvent 


ister than both methionine sulphoxide and spot no 
lurther 


Same 
iodoplatinate, which 


two are esset 

with potassiun 
icids on the chromato 
1! I the 


amino 
hese res 
t met} 


On the other 


' 


hionine sulphoxide 


between bot} 








THORAX OF FEMALI AND 





(1956), who claimed t 


a “sex peptide’ in 
rom the study of Fox 


due to the testis or other 


? 


so remains unclear if the peptide 


It should | added that 
the chron 


mie thods « iused Sut 


racts whereas lox 


biochemist 





vecomes accumulat in the body fluid during 


llel work on the non-autogenous form, which 1s 


with further information on this point 
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Abstract—G 





effective method when compared 
1951) 


: : 
frolic acid 


ASAYA (unpublished, 


content 


irements for 


and pyridine-3 


AP was toxic to 








AP and 3 days in the 


was indicated 








CHANGES INDUCED IN SPECTRAL 


FORM OF RETINAL ACTION 
COCKROACH 


SENSITIVITY AND 
POTENTIAL OF THE 
EYE BY SELECTIVE ADAPTATION 
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kaum eine feststellbare Wirkung (Abb. 5). Damit erwies sich erneut, dass das 
Bauchmark hormonale Faktoren enthalt, wie das durch verschiedenartige Ver- 
suche adhnlicher Art neuerdings schon festgestellt werden konnte. Zugleich 
ergibt sich aber, dass die neurohormonale Wirksamkeit der Bauchganglienkette 
schwiacher als die des Unterschlundganglions oder des Gehirns sein muss. Hier- 
fiir ist weniger der geringfiigige Unterschied der wirksamen Verdiinnungsstufen 
in den jeweiligen Versuchsserien beachtenswert als vielmehr die Tatsache, dass 
jeweils der Wirkung emes Unterschlundganglions bzw. eimes Gehirns der von 
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sprechen fiir das Wirken neurohormonaler Faktoren bei der Regulierung des 
Herzschlages 

2) Extrakte des Cerebralganglions, des Unterschlundganglions und der 
Bauchganglienkette von Corethra verursachen nach geeigneter Injektion in die 
Larve gleichfalls Frequenzerhéhung des Herzens. Durch Injektion von Insekten- 
ringerlésung wird die Herzfrequenz nicht verandert. 

3) Ebenso wirken Nervenextrakte von Pertplaneta, in Corethra-Larven 
injiziert, stimulierend auf den Herzschlag. Die Untersuchungen mit verschie- 
denen Verdiinnungsstufen der Extrakte des Gehirns, Unterschlundganglions, 
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liess sich errechnen, dass die Wirkungsgrenze des Extraktes dieser Gehirnan- 
hangsdriisen eines ‘Tieres am Herzen der Corethra-Larve bei 10-™ liegt. Dies 


len minimalen Bedingungen hormonaler Wirkung bei Wirbel- 


entspricht somit « 
tieren 
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graphisch getrennten Neurohormone C und D verursachen gleichfalls Frequen- 
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touched without causing vigorous activity. In Nezara, stimulation of the mid tarsi 


appeared to elicit as strong a response as stimulation of the fore tarsi, and the insect 


le of the mid tarsus that was stimulated; further, in comparison 


turned to the side 

Oncopeltus, Nezara showed less tendency to become highly active when the 
si were touched, and the negative response when the hind tarsi made 
insects were 


ar 


with sucrose was therefore more convincing. When the 


water their responses to distilled water were the same as those of the 
stimulation of just the 


d insects to sucrose solution, and were elicited by 


regions 
Starved Dindymus, on the other hand, showed no response when any of the 
tarsi were touched with sucrose solution, although there was an immediate response 


when the distal segment of an antenna was stimulated. ‘This result was confirmed 


a starved insect was held in a normal standing positio1 


j 


in the following manner 
means of a wire fixed to the thorax with a 


ma piece of card by lrop oft wax: 

irther piece of wire was held horizontally just in front of the head and below bot! 
he antennae, to obstruc ywwnward movement of the latter while permitting 
al movement of the rostrum; when a drop of sucrose solution was placed it 


fore tarsi, there was no extension of the rostrum, but, wher 


wire obstructing the antennae was removed and as soon as the tip of the antenna 


ung down. ‘The same resul 


ct with one « 


it side haa te strum was SW 
5. ndividnale teated in thie + eshach + 
ve Individt ested in this wav, which was 


y Adld I ii 


itsé lf 


obtained 
ponses T¢ 


/ ] 
r Oncopeltus nor Nezara would give consistent rest 


nulation of external chemoreceptors when held a similar manner 
With the possible exception of the rostrum itself, Dindymus did not appear to 


external chemoreceptive regions sensitive to stimulation with suc 


rose 


solution other than the tips of the antennae, and starved individuals deprived of 


the distal segments of both antennae would walk over sucrose-impregnated surfaces 


without attempting to feed. Again, the insects showed no response to contact with 


water unless they had been deprived oT it, when, as with Vezara, responses to 


distilled water were elicited by stimulation of the same regions that were sensitive 


to stimulation with sugar when the insect was starved: in this case, the tips of the 


antennae alone 


CHEMORECEPTION INTERNAL TO THE STYLETS 
lo obtain evidence on the location of taste organs associated with the feeding 


insects were starved and placed in the apparatus shown in Fig. | 


mecnanism, 
This was essentially a “‘pillory’’ which immobilized the insect while leaving the 





fore tarsi and antennae exposed, and which permitted the rostrum t 


into a capillary tube. The fore tarsi were fitted into notches in 


neither they nor the antennae could make contact with the contents of the 


hus by offering the insect different liquids in the capillary tube and obse 


which liquids were drunk, it was possible to determine the insects’ abil 


discriminate between liquids when the tarsi and antennae were either 


or given conflicting stimuli 


free-movil 
sometimes 
. | 


iy rinsed 


igh, in fact, 


throughout the tests 

In preliminary 
food and water for 
solution, 


until, within a further 3 m 


down to the tip of the rostrum and the insect h: 


to it. When sucrose with BCG was given, little or none was drunk wi 


even when the tarsi and antennae were stimulated with sucrose, whereas the same 
insects readily drank sucrose solution off immediately afterwards I ‘hese 
experiments were De: a using insects 


which had the stylet bundle withdrawn from the rostn 
behind the pillory. I: 


stvlet bundle was fi le 1 in ros¢ 

















PTERIDINES IN ‘THE MILKWEED BUG, 
ONCOPELTUS FASCIATUS (DALLAS) 


|. IDENTIFICATION AND LOCALIZATION 


RODERICK CRAIG 


Abstract 








Altho igh xantho 


basic ”-propanol-ammonia 


after initial exposure I 


ombined 


natographi 
this substance is 
the fluorescence 


\, containing 


lorescent 

















Crai 


TY)! 


nino-4-hydroxyy is produced by the 


: 
Oncopeltus 


ind one | veaeid were found 





